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EDITOR’S  VIEWPOINT 


Jensen  and  Dan0  (p.  741)  present  an  in¬ 
teresting  study  of  crystallography  of  den¬ 
tal  calculus.  Renewed  interest  in  calculus 
is  commendable.  The  subject  has  been  in¬ 
vestigated  from  various  approaches — physi¬ 
cal,  chemical,  bacteriologic,  and  histologic. 
The  use  of  crj’stallography,  as  the  authors 
suggest,  offers  opportunity  for  new  ap¬ 
proaches.  By  means  of  the  correspondence 
between  our  editorial  consultant  and  the 
senior  author,  which  we  monitored,  we 
learned  that  there  are  still  differences  of 
opinion  in  this  field. 

Dewar  and  Parfitt  (p.  751),  applying  the 
technics  outlined  in  their  previous  paper, 
were  unable  to  find  any  correlation  between 
salivary  mucin,  viscosity,  ropiness,  tack, 
and  dental  caries  activity  (as  measured  by 
clinical,  biochemical,  and  bacteriologic 
methotls).  This  finding  is  contrary  to  long- 
held  impressions  of  many  who  have  dis¬ 
cussed  but  not  tested  some  of  these  prop¬ 
erties. 

Haskins,  Haack,  and  Ireland  (p.  757) 
studied  stress  patterns  in  Class  II  cavities. 
They  found  that  a  greater  depth  of  filling 
material  led  to  better  stress  patterns,  that 
rounding  and  sloping  the  axial  wall  did  not 
consistently  reduce  stress,  and  that  slight 
rounding  of  the  pulpal-axial  line  angle  had 
little  effect  in  reducing  stress.  The  latter 
procedure,  however,  is  recommended  by  the 
authors  for  other  rea.sons.  The  utilization 
of  the  methods  employed  in  other  fields  for 
study  of  stress  in  dental  restorations  prom¬ 
ises  to  improve  our  operative  technics. 

Wainwright  (p.  767)  determined  the  time 
required  for  radioactive-tagged  nicotinam¬ 
ide,  urea,  thiourea,  and  acetamide  to  pene¬ 
trate  enamel  of  extracted  teeth.  The  nico¬ 
tinamide  was  relatively  slow,  but  urea, 
thiourea,  and  acetamide  penetrated  one- 
half  the  thickness  of  the  enamel  within  20 
to  .14  minutes,  and  in  longer  periods  all  four 
substances  entered  the  dentin.  The  rapid 
penetration  of  enamel  by  urea  had  been 
previously  demonstrated  (Wainwright  and 
bemoine).  The  possibilities  of  using  radio¬ 
active  carbon-tagged  compounds  as  research 
tools  and  the  use  of  penetrating  compounds 
in  therapy  are  self-evident. 


Fleming  and  Greenfield  (p.  780),  by  in¬ 
jections  and  feeding  of  high  concentrations 
in  water,  forced  fluorides  across  the  pla¬ 
cental  barrier  in  mice.  The  teeth  showed 
retardation  in  enamel  mineralization,  car¬ 
tilage  in  the  pulp,  and  vascular  changes  in 
the  pulp.  The  periodontal  bone  showed 
cartilage.  Interference  with  calcification 
of  enamel  is  in  accord  with  general  con¬ 
cepts  of  fluoride  effects,  but  the  appearance 
of  cartilage  in  areas  of  dentin  and  the  al¬ 
tered  periodontal  bone  formation  suggest  a 
metaplasia.  It  is  proposed  that  fluorine, 
acting  as  an  antimetabolic,  interferes  with 
the  glycolytic  cycle  and  thus  with  the  high- 
energy  phosphate  necessary  for  calcifica¬ 
tion. 

Radioactive  fluoride  has  given  some  in¬ 
formation  on  the  uptake  of  fluorides,  but 
its  short  half-life  (112  hours)  has  limited 
its  usefulness.  Wallace-Durbin  (p.  789), 
using  a  newer  type  counter,  was  able  to 
obtain  additional  information  on  F  metab¬ 
olism.  She  found  cell  membranes  freely 
permeable  to  NaF,  no  significant  soft  tis¬ 
sue  deposits  except  in  the  kidney,  no  level 
of  F  intake  below  which  excretion  was  com¬ 
plete,  no  difference  in  intravenously  ad¬ 
ministered  and  ingested  F,  and  no  effect  of 
age  on  skeletal  uptake  of  F  but  a  definitely 
lower  F  uptake  in  mature  rat  molars.  With 
further  improvement  of  technics  additional 
information  will  be  accumulated  toward  a 
more  complete  understanding. 

Neumann  has  been  a  strong  ^proponent 
of  the  theory  that  function  is  an  important 
factor  in  caries'  etiology.  He  and  Di  Salvo 
(p.  801)  examined  the  exchange  of  radio¬ 
active  phosphorus  in  the  teeth  of  nonfunc- 
tioning  and  functioning  halves  of  monkey 
mandibles.  They  found  less  radioactive 
phosphorus  exchange  on  the  functioning 
sides.  They  conclude  that  the  exchange 
depends  on  “biologic  variables’’  and  that 
function  may  affect  ionic  balance  and  turn¬ 
over  rate.  From  these  data  we  fail  to  see 
any  support  for  the  concept  that  nonfunc¬ 
tion  is  an  important  physiologic  factor  in 
caries. 

Savara  and  Suher  (p.  808)  give  the  data 
they  obtained  on  carious  prevalence  in  chil- 
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dren  from  1  to  6  years  of  age.  Although 
comparable  information  is  frequently  pub¬ 
lished  on  school-age  children,  data  from 
younger  children  are  not  abundant.  A 
marked  increase  in  the  percentage  of  chil¬ 
dren  with  caries  and  in  the  number  of  def 
teeth  per  child  is  seen  between  2  and  3 
years  of  age.  This,  the  authors  propose,  in¬ 
dicates  an  increased  susceptibility  of  the 
oral  cavity  to  dental  caries  with  the  erup¬ 
tion  of  the  primary  molars.  Perhaps  there 
is  no  increase  in  susceptibility  of  the  oral 
cavity  but  only  more  targets  for  an  exist¬ 
ing  process.  The  need  for  extraction  of 
one  or  more  first  permanent  molars  in  29.7 
per  cent  at  age  6  is  striking.  The  authors 
compare  their  data  with  those  of  other 
recent  surveys. 

Kamrin  (p.  824),  extending  his  studies 
of  caries  in  parabionts,  presents  evidence 
strongly  supporting  the  view  that  the  cari- 
ogenic  action  of  carbohydrates  is  local. 
These  artificially  produced  “Siamese  twin’’ 
rats  had  a  common  blood  supply  with  equal 
sugar  level  within  one  hour  of  feeding. 
The  animal  given  dextrose  developed  a  high 
incidence  of  caries  while  the  parabiont  had 
little  or  no  caries.  Perhaps  this  technic 
can  be  successfully  carried  out  on  other 
animals,  such  as  hamsters. 

Keyes  (p.  830)  found  surprising  caries 
resistance  in  hamsters  fed  a  diet  presum¬ 
ably  cariogenic.  Variability  in  caries  sus¬ 
ceptibility  in  hamsters  has  appeared  from 
time  to  time  and  is  confusing.  Certainly, 
the  demonstration  of  Hunt,  Hoppert,  and 
Erwin  of  the  inheritance  of  caries  resist¬ 
ance  in  rats  should  sound  a  warning  to  oth¬ 
ers  working  with  experimental  animals. 
Unless  standardized  animals  (in  regard  to 
caries  resistance)  are  used,  one  must  view 
with  extreme  caution  results  obtained  on 
relatively  small  groups  of  laboratory  ani¬ 
mals. 

Shafer  and  Muhler  (p.  842)  present  some 
puzzling  results  of  caries  studies,  fluorine 
metabolism,  and  salivary  gland  effects  in 
rats  with  alterations  in  gonads  and  sex 
hormones.  Orchiectomized  rats  showed  low¬ 
ered  caries  activity  while  ovariectomized 
rats  showed  decrease  in  one  instance  and 
increase  in  another.  In  general,  diethyl- 
stilbesterol  and  estradiol  seemed  to  increase 
caries.  These  hormones  also  increased 


fluoride  concentration  in  bone,  a  somewhat 
parodoxical  finding.  The  salivary  gland 
changes  could  not  be  related  to  caries.  Un¬ 
evaluated  genetic  factors  may  have  dom¬ 
inated  the  hormonal  changes  in  these  small 
groups  of  18  animals  each,  or  the  various 
changes  may  have  no  causal  relationship. 
These  findings  cannot  be  ignored,  but  con¬ 
clusions  at  this  stage  do  not  appear  to  be 
warranted. 

The  measurement  of  the  pH  of  minute  in¬ 
traoral  areas  (plaques,  cavities)  is  of  great 
importance  in  many  investigations.  The 
pros  and  cons  of  antimony  electrodes  have 
been  ai-gued.  Brudevold  and  Thompson 
(p.  849  and  p.  854,  in  two  papers,  describe 
an  antimony  electrode  suitable  for  measure¬ 
ments  within  small  regions  and  evaluate  the 
instrument.  Antimony  electrodes  appear  to 
be  less  reliable  than  glass  electrodes  but 
their  small  size  makes  them  desirable 
despite  this  shortcoming.  Care  should  be 
taken  to  make  comparisons  between  anti¬ 
mony-electrode  readings  rather  than  to  take 
the  pH’s  obtained  as  absolute. 

Using  radioactive  labeled  bicarbonate, 
(ireulich  and  LeBlond  (p.  859)  studied  the 
development  of  dentin.  Within  4  hours 
after  injection  the  bicarbonate  appeared  in 
the  predentin  adjacent  to  the  odontoblasts. 
Within  24  hours  this  labeled  predentin 
layer  was  changing  into  dentinal  matrix. 
The  growth  value  appeared  more  rapid  in 
the  first  10  days  of  life.  The  authors’  care¬ 
ful  study  is  a  contribution  to  the  under¬ 
standing  of  odontogenesis.  The  stability 
of  the  dentinal  matrix  is  emphasized.  It  is 
suggested,  but  not  concluded,  that  muco¬ 
polysaccharides  may  l)e  essential  for  deposi¬ 
tion  of  dentin  crystals. 

The  Section  Nd  of  the  American  As¬ 
sociation  for  the  Advancement  of  Science 
met  on  Tuesday,  December  28,  on  the 
campus  of  the  University  of  California, 
San  Francisco,  California.  The  program  in¬ 
cluded  a  symposium  on  “Growth  and  De¬ 
velopment,’’  a  paper  on  “Stannous  Fluo¬ 
ride  in  a  Dentifrice  as  an  Anti-Cariogenic 
Agent,’’  and  a  symposium  on  “Radiation 
Hazards  in  the  Dental  Office.’’  This  is  the 
first  meeting  of  dentistry  as  a  section  of 
the  .\..\.A.S. 

— H.  H.  (i.  R. 


CRYSTALLOGRAPHY  OF  DENTAL  CALCULUS  AND  THE 
PRECIPITATION  OF  CERTAIN  CALCIUM  PHOSPHATES 

AKSEL  TOVBORG  JENSEN  AND  MARIANNE  DANQ 
Royal  Veterinary  and  Agricultural  College,  Copenhagen,  Denmark 

INTRODUCTION 

IT  HAS  previously  been  found  by  the  authors^  that  calculi  from  the  salivary 
glands  frequently  consist  of  the  otherwise  rare  calcium  phosphate  whit- 
lockite,  or  of  whitlockite  mixed  with  apatite.*  The  expected  compound  is 
apatite  (possibly  with  a  small  admixture  of  calcite,  as  occasionally  found  in 
salivary  calculus^),  since  apatite  is  the  compound  which  always  precipitates 
from  dilute  aqueous  solutions  in  vitro  at  body  temperature  and  within  the  pH 
range  prevailing  in  the  saliva.  Apatite  is  also  expected  because  it  is  the  cal¬ 
cium  phosphate  of  enamel,  dentin,  bone,  and  many  pathologic  concretions  of 
the  body.  These  findings  were  the  basis  for  the  hypothesis  that  saliva  often, 
perhaps  always,  contains  a  factor  impeding  the  precipitation  of  apatite.  If 
this  hypothesis  is  true  we  shall  expect  the  calcium  phosphates  precipitated  in 
saliva  under  normal  conditions  (dental  calculus)  to  be  as  rich  in  whitlockite 
as  are  the  pathologic  calculi  from  the  salivary  glands.  We  shall  perhaps  ex¬ 
pect  an  even  higher  whitlockite  frequency  in  dental  calculus,  for  some  forma¬ 
tion  of  calculi  in  the  salivary  glands  may  well  be  due  to  absence  of  the  postu¬ 
lated  factor  impeding  precipitation.  As  will  be  shown  in  the  following,  whit¬ 
lockite  is  even  more  abundant  in  dental  calculus  than  expected.  It  was  found 
in  80  per  cent  of  the  52  specimens  examined.  The  percentage  of  calculi  from 
the  salivary  glands  which  contained  whitlockite  was  significantly  smaller  (54 
per  cent).  Hence  the  hypothesis  is  substantiated. 

PREVIOUS  CRYSTALIXKJRAPHIC  STUDIES  OF  DENTAL  CALCULUS  . 

Papers  on  clinical,  bacteriologic,  and  histologic  aspects  of  calculus  are 
abundant.  Urbantschitsch*  reviewed  53  papers,  all  earlier  than  1933.  The 
crystallographic  literature,  on  the  other  hand,  is  meager. 

Angel  (in  Urbantschitsch*)  examined  thin  sections  of  dental  calculus 
under  the  petrographic  microscope.  He  found  very  small  amount^  of  aragonite 
(CaCOs)  and  larger  amounts  of  a  crystalline  phosphate  which  he  calls  “meta- 
brushite?"  and  of  an  amorphous  phosphate  which  he  calls  “collophane?” 
Metabrushite  is  not  a  distinct  mineral  species  but  in  general  a  partly  dehy¬ 
drated  brushite  (CaHP0^.2Ma0)* ;  collophane  is  simply  a  colloidal  apatite.* 
Philipp®  and  Mathis*  (apparently  different  publications  on  the  same  experi¬ 
mental  material,  which  is  more  detailed  in  Mathis’  paper)  examined  calculus 
from  a  large  but  unspecified  number  of  cases  by  x-ray  crystallography.  They 
found  the  specimens  to  give  an  apatite  x-ray  diagram  in  all  cases  except  two: 
one  was  brushite  and  one  whitlockite.  One  specimen  of  dental  calculus  was 
casually  mentioned  by  Brandenberger,^  who  found  it  to  be  apatite. 

Received  for  publication  April  2!i,  1953;  revised  May  5.  1954. 

‘Throuffhout  this  paper  "apatite”  Is  not  used  to  signify  any  member  of  the  apatite  croup 
hut  only  a  compound  which  gives  an  x-ray  diagram  similar  to  hydroxylapatite  (Ca«(PO«l^Hi, 
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These  early  results  seem  to  contradict  our  hypothesis.  However,  the 
mineralogic  constitution  of  calculus  in  Danish  individuals  might  differ  from 
that  of  a  Viennese  population  (Philipp,®  Mathis®).  The  Viennese  material 
might  not  have  been  so  very  large  and,  above  all,  Philipp  and  Mathis  might, 
because  of  their  comparatively  unrefined  x-ray  technic  (57  mm.  camera  diame¬ 
ter  and  copper  radiation),  have  overlooked  considerable  admixtures  and  have 
classified  mixed  calculus  as  pure  apatite  in  a  number  of  cases. 

MATERIAL 

The  52  specimens  of  dental  calculus  examined  were  from  39  patients  in 
a  Danish  urban  population.  They  belong,  however,  to  a  group  which  volun¬ 
tarily  sees  a  dentist,  a  possibly  significant  restriction  in  sampling.  Sixteen 
(labeled  “G.  P.”  in  Table  I)  were  from  a  general  practioner  among  a  population 
which  might  be  described  as  upper  middle  class.  Thirty-six  (marked  “R.  C.” 
in  Table  I)  were  obtained  from  the  Royal  Dental  College,  Copenhagen.  No 
steps  were  taken  to  ensure  a  random  sampling.  We  have  been  unable  to 
reasonably  define  a  random  sampling  of  dental  calculus  among  a  given  popula¬ 
tion.  Many  patients  have  no  calculus  while  many  have  not  enough  for  easy 
collection  and  examination. 

Specimens  in  our  material  were  collected  only  from  patients  who  had 
rather  more  calculus  than  the  few  milligrams  necessary  for  a  powder  diagram 
in  our  technic,  since  the  methods  using  the  petrographic  microscope,  which 
consume  only  tenths  of  a  milligram  are  inadequate.^  In  general,  subgingival 
and  supragingival  material  was  collected  separately  where  possible.  Mate¬ 
rials  from  mandibular  and  parotid  regions  in  the  same  patient  were  never 
mixed.  The  specimens  as  received  were  labeled  with  iiatient  numbers  and 
mouth  region  and  were  accompanied  by  occasional  clinical  notes.  Although 
we  have  drawn  one  or  two  conclusions  from  the  clinical  notes,  they  will,  for 
the  sake  of  brevity,  not  be  given. 

TECHNIC 

Calculus  specimens  were  shaken  with  2  or  3  ])ortions  of  distilled  water. 
Adhering  mucous  substance,  blood  etc.,  became  suspended  in  the  water  and 
were  discarded  with  it.  Samples  were  dried  and  powdered  in  an  agate  mortar. 
The  samples  were  almost  always  used  up  in  making  a  powder  specimen  for 
the  x-ray  diagram.  The  x-ray  technic  was  the  same  as  employed  in  our  previ¬ 
ous  investigation.^  Particle  sizes  w  ere  not  estimated.  The  relative  abundance 
of  whitloekite  and  apatite  was  estimated  by  comparing  the  calculus  diagrams 
with  a  series  of  new  diagrams  of  mixtures  of  synthetic  whitloekite  and  apatite 
in  the  following  w'eight  proportions  Wh  :Ap  =  0 :10,  1  ;9,  3 :7,  5 :5,  7 :3,  9 :1,  and 
10:0. 

This  enables  the  relative  abundance  of  the  2  compounds  to  be  fixed  be¬ 
tween  2  limits  in  any  specimen.  The  method  gives  little  indication  of  the  ab¬ 
solute  abundance,  and  it  should  be  noted  that  the  comparison  diagrams  were 
of  synthetic  phosphates  of  a  high  degree  of  perfection.  The  synthetic  whit- 
lockite  and  apatite  were  prepared  by  sintering  stoichiometric  proportions  of 
calcium  carbonate  and  pure  synthetic  brushite  together.  Optimal  sintering 
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conditions  (time,  temperature,  and  atmosphere)  were  found  in  a  series  of  ex¬ 
periments  in  which  the  conditions  were  varied  and  line  width  controlled  photo- 
{jraphically.  The  reflective  power  was  simultaneous  measured  on  the  General 
Klectric  x-ray  spectrometer.  These  experiments  will  be  published  elsewhere. 
From  the  method  it  follows  that  the  quantitative  results  may  be  subject  to 
error  if  the  reflective  power  of  imperfectly  crystalline  specimens  of  calculus 
apatite,  viz.,  whitlockite,  is  unequally  decreased  from  that  of  perfectly  crystal¬ 
line  specimens  of  the  2  compounds.  This  error  is  inherent  in  any  quantitative 
work  with  imperfectly  crystalline  substances,  and  it  seems  impossible  to  over¬ 
come  it  with  only  the  few  milligrams  of  mixture  specimen  at  the  investigator’s 
disposal.  The  following  conclusions,  however,  are  valid  irrespective  of  such 
errors  in  the  abundance  ratios  found. 


%,  yg 


KIk.  1. 

CALCIUM  I'HOSUHATKS  IN  DKNTAL  CALCULUS 

All  results  are  summarizetl  in  Table  1  and  the  abundance  ratio  (apatite: 
whitlockite)  in  Fig.  1.  The  abundance  ratio  for  our  earlier  material  of  calculi 
from  the  salivary  glands  is  given  in  Fig.  2.*  In  calculi  from  the  salivary 
glands  54  pe.r  cent  were  fouml  to  contain  whithwkite;  in  specimens  of  dental 
calculus,  HO  ^)er  cent.  This  is  the  most  important  result  of  our  investigation 

*New  and  more  accurate  deteriiiinationa  than  thuae  pubitahed  previoualy.* 
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Table  I 


Description  and  Constiti  tion  of  52  Samples  of  Dental  Calculus 


NO, 

j  ORI- 

1  GIN 

1  REGION* 

RELATION  TO 

GINGIVAL 

MARGIN 

contains! 

WH./AP.J 

1 

2 

R.C. 

B.C.) 

Mandib.  incis. 

Supraging. 

Ap.  +  Wh. 

Ap.  +Br.  (30%) 

3/7-5/5 

0/10-1/9 

3 

R.  C.j 

Left  mandib.  molars 

Subging. 

Ap.  +  Wh. 

5/5-7/3 

4 

R.C. 

Mandib.  incis. 

Supraging. 

.\p.  +  Wh. 

5/5-7/3 

5 

G.  P. 

Mandib.  incis. 

Supraging. 

Ap.  +  Br.  (60%) 

0/10-1/9 

«) 

G.  P.) 

4i  ling. 

Subging. 

.\p.  +  Wh. 

5/5-7/3 

7 

G.  P. 

Mandib.  incis. 

Supraging. 

.\p.  +  Wh. 

3/7-5/5 

8 

G.  P. 

Mandib. 

Supraging. 

Ap.  +  Wh.  +  Amalg. 

1/9-3/7 

9 

G.  P.  j 

Maxill.  molars 

Supraging. 

Ap,  +  Wh. 

1/9-3/7 

10 

G.  P. 

Mandib.  incis. 

Supraging. 

Ap.  +  Wh. 

1/9-3/7 

11 

G.  P. 

Mandib.  incis. 

Supraging. 

Ap. 

0/10-1/9 

12 

G.  P.j 

Mandib.  incis. 

Subging. 

Ap.  +  Wh. 

3/7-5/5 

13 

R.C, 

Maxill.  and  mandib. 

Subeine. 

Ap.  +  Wh. 

3/7-5/5 

14 

R.  C. 

incis. 

Mandib.  incis. 

Subging. 

Supraging. 

Ap.  +  Wh. 

7/3-9/1 

15 

R.  C. 

Mandib.  incis. 

Ap.  +  Wh. 

3/7-5/5 

16 

R.  C. 

Mandib.  incis. 

Supraging. 

Ap.  +  Wh. 

1/9-3/7 

17 

18 
19 

R.  C. 
R.  C. 
R.  C. 

Mandib.  incis. 

Supraging. 

Subging. 

Supraging. 

Ap.  -i-  Wh. 

Ap.  -e  Wh. 

.\p.  +  Wh.  +  Br.  (60%) 

1/9-3/7 

3/7-5/5 

1/9-3/7 

20 

u?: 

|4  hng. 

Supraging. 

Ap.  +  Wh. 

5/5-7/3 

21 

R.  C. 

L  Gl)  ling. 

Supraging. 

Ap.  +  Wh. 

3/7-5/5 

22 

R.C. 

|3  ling. 

Supraging. 

Ap.  +  Wh. 

1/9-3/7 

23 

R.  C.J 

Mandib.  incis. 

Supraging. 

Ap. 

0/10-1/9 

24 

R.  C. 

Maxill.  incis. 

Subging. 

Ap.  +  Wh. 

3/7-5/5 

25 

R.  C. 

Mandib.  incis. 

Supraging. 

Ap. 

0/10-1/9 

26 

R.C. 

|1  ling. 

Supraging. 

Ap.  -e  Wh. 

3/7-5/5 

27 

{  “•^•Mandib.  incis. 

Supraging. 

Ap. 

0/10-1/9 

28 

\  J?- f/Maxill.  premolars 

Supraging. 

Ap.  +  Wli. 

3/7-5/5 

29 

1  R.  C.  jiiandib.  incis. 

Supraging. 

.Vp.  +  Wli. 

1/9-3/7 

30 

J  K.  t. 

•Mandib.  incis. 

Subging. 

.\p.  +  Wh. 

5/5-7/3 

31 

R.  C. 

Maxill.  incis. 

Subging. 

.\p.  +  Wh. 

1/9-3/7 

32 

H.  C, 

Mandib.  incis.,  facial. 

Supraging. 

Ap.  -H  Wh.  +  Br.  (30%)  +  CaOx 

3/7 -5/5 

33 

G.  P. 

Mandib.  incis. 

Supraging. 

Ap. 

0/10-1/9 

34 

(i.  P. 

Mandib.  incis. 

Supraging. 

Ap.  +Br.  (60%) 

0/10-1/9 

35 

36 

li.  P. 

Manditi.  incis. 

Supraging. 

Ap.  +  Wh. 

1/9-3/7 

G.  P. 

Mandib.  incis. 

Supraging. 

Ap.  +  Wh. 

3/7-5/5 

37 

G.  P. 

Mandib.  incis. 

Supraging. 

.\p.  +  Wh. 

1/9-3/7 

38 

G.  P. 

Mandib.  incis. 

+  subging. 
Supraging. 

Ap. 

0/10-1/9 

39 

40 

G.P.  11 

i  G.  P.Mandib.  incis. 

Supraging. 

Ap. 

.\p.  +  \\  li.  -t-  CaOx 

0/10-1/9 

3/7-5/5 

41 

J  ti.  P 

•  Maxill.  molars,  facial 

Supraging. 

Ap.  +  Wh.  +  Amalg. 

.5/5-7/3 

42 

H.  (J. 

Mandib.  incis. 

Subging.  + 

Ap.  +  Wh. 

3/5-7/3 

43 

R.  C. 

|6 

supraging. 

Supraging. 

Ap.  +  Wh.  +  CaOx 

5/5- 7/3 

44 

R.C. 

Mandib.  incis. 

Subging.  -e 

.\p.  + WJi. 

3/7-5/5 

45 

R.  C. 

Mandib.  incis. 

supraging. 

Supraging. 

Ap.  +  Wh.  +  Br.  (30%) 

1/9-3/7 

46 

li.  (J. 

Mandib.  incis. 

Supraging. 

.\p.  +  Wh.  +  Br.  (30%)  *  CaO 

1/9-3/7 

4/ 

R.C. 

Mandib.  incis.,  facial 

Supraging. 

.\p.  +  Wh, 

1/9-3/7 

48 

R.C. 

and  lingual 

1  4.56 

Supraging. 

.Vp.  ■*-  Wh.  +  CaOx 

1/9-3/7 

49 

R.C. 

321  1  fa<-ial  and  lingual  Kupraging. 

Ap. 

0/10-1/9 

.50 

R.C. 

161 

Supraging. 

Ap.  +  Wh. 

1/9-3/7 

51 

R.C. 

Mandib.  incis.,  facial 

Subging. 

Ap.  +  Wh. 

3/7-5/5 

52 

R.C. 

and  lingual 

Mandib.  incis. 

Supraging. 

•Vj).  +  Wh. 

1/9-3/7 

*Ungual  aurt'acfca  unicas  utherwise  inilicated. 

tAp.  =  apatite,  Wh.  =  whitiockite,  lir.  =  brualiitc,  Aiualg,  =  dental  amalgam,  CaOx  = 
CaOx  ,  HaO.  The  amount  ot  brushite  is  roughly  estimated  in  per  cent  of  the  total. 

tThe  limits  for  the  value  of  virhitlockite/apatite  are  estimated  by  means  of  the  standard 
mixtures  named  previously. 
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and  substantiates  our  hypothesis  of  a  factor  in  the  saliva  which  impedes  the 
precipitation  of  apatite.  The  whitlockite  frequency  is  significantly  higher  in 
dental  calculus  than  in  salivary  calculi.  This  might  indicate  that  the  apatite- 
impeding  factor,  while  not  necessarily  a  specific  compound,  is  sometimes  low  or 
absent  in  the  saliva  of  patients  with  salivary  calculi.  Several  other  explana¬ 
tions  for  the  difference  are  possible. 

It  was  noted  that  calculus  whitlockite  was  almost  alw  ays  more  crystalline 
than  was  calculus  apatite  (that  is,  its  powder  diagram  lines  showed  less  broad¬ 
ening). 


Kik 


lirushite  was  found  in  7  of  52  specimens.  These  3  compounds  (apatite, 
whitlockite,  and  brushite)  are  the  same  as  those  found  in  dental  calculus  by 
Urbantschitsch  and  Angel,*  Philipp,®  and  Mathis.®  But  whereas  Philipp  and 
Mathis  sought  in  vain  for  relationships  between  mineralogic  constitution  and 
other  properties  (color,  etc.),  in  dental  calculus,  our  material  demonstrates 
several  such  relations. 

1.  Brushite  is  found  only  on  mandibular  anterior  teeth.  Seven  samples 
of  22  specimens  of  mandibular  anterior  calculus  contained  brushite.  Thirty 
specimens  of  calculus  from  other  regions  eontaineil  no  brushite.  Several  of 
the  7  mandibular  samples  were  from  patients  denoted  with  “calculus  abuu- 
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daiit.”  This  remark  was  never  made  about  patients  without  brushite.  Super¬ 
saturation  with  brushite  requires  a  higher  pll  than  supersaturation  with 
apatite  at  constant  calcium  and  phosphate  concentration  (Hjerrum*).  Schmidt- 
Nielsen*  and  Ericsson'®  have  shown  that  pH  is  almost  always  higher  in  mandi¬ 
bular  than  in  parotid  saliva  and  hence  the  conditions  for  calculus  formation 
are  more  favorable.  The  finding  of  brushite  in  mandibular  calculus  is  what 
one  might  expect.  Schmidt-Nielsen®  and  Ericsson,'®  being  chiefly  interested 
in  enamel  solubility,  calculated  the  degree  of  saturation  with  respect  to  apatite 
for  a  large  number  of  analyses  of  saliva.  From  the  point  of  view  of  calculus 
formation,  brushite  is  also  of  interest,  so  we  have  calculated  from  the  data 
of  Schmidt-Nielsen®  the  degree  of  saturation  n  for  brushite  in  the  saliva  of  a 
student  group. 

Since  we  have  incongruous  solutions,  ni.ruHii  is  defined  as  ni.rusii  = 

Where  I  is  the  ionic  iiroduct  of  brushite  and  L  its  solubility  product.  The 
value  of  L  employed  is  the  one  determined  by  Bjerrum.*  The  values  obtained 
are  given  in  Table  II. 

Tabi.e  II 

Degree  oe  Bki  bhite  Bati  katio.v  in  the  Saliva  ok  19  Stx  dents 


REGION 

1  A  1 

B 

1  c 

1  i>  1 

E 

1  p 

1  G  1 

H  1 

I 

1  J 

Mandibular 

1.34 

1.04 

1.15 

1.34 

1.07 

1.91 

1.40 

1.41 

1.31 

1.62 

region 

Parotid 

0.82 

0.37 

0.30 

0.73 

0.51 

0.(54 

0.54 

0.74 

0.62 

0.66 

region 

1  K  1 

L 

1  M 

1  N  1 

0 

1  P 

1  Q  1 

R  1 

s 

1 

Mandibular 

0.76 

0.96 

1.33 

1.50 

1.06 

1.37 

0.79 

1.09 

1.21 

region 

Parotid 

0.48 

1.05 

0.62 

0.51 

0.49 

0.62 

0.60 

0.50 

region 

It  is 

evident 

that 

the  saliva  in 

the 

jiarotid 

region 

is  not 

saturated 

with  brushite,  while  the  mandibular  saliva  in  all  but  3  cases  is  super¬ 
saturated.  This  agrees  well  with  the  finding  of  brushite  in  mandibular  cal¬ 
culus  only.  It  will  be  remembered  that  brushite  was  found  in  only  7  samples 
of  mandibular  calculus  out  of  a  total  of  22  siiecimens  examined.  This  seems 
quite  natural,  for  if  the  concentration  of  calcium  or  phosphate  or  the  pll  in 
mandibular  saliva  temporarily  decreases  brushite  will  dissolve  before  apatite 
because  the  saliva  will  become  unsaturated  with  brushite  before  apatite.  More¬ 
over,  because  brushite  is  a  soft  crystal  and  apatite  a  hard  one,  brushite  dis¬ 
solves  much  faster  than  does  aimtite.  Brushite  calculus,  by  going  into  solu¬ 
tion,  probably  prevents  the  saliva  from  becoming  unsaturated  with  apatite. 

2.  Whitloekite  is  more  abundant  in  subgingival  than  in  supragingival 
calculus.  The  average  abundance  ratio  Wh./ap.  was  46:54  in  the  subgingival 
material  against  26:74  in  the  comparable  supragingival  material.  Sjiecimens 
from  anterior  mandibular  teeth  were  not  included  in  either  group. 

3.  From  one  patient  calculus  specimens  were  obtained  from  4  dilTerent 
places  in  the  parotid  region  (Nos.  20  to  23).  The  higher  the  index,  the  more 
whitloekite  was  found.  Too  much  weight  should  not  be  placed  on  a  result  from 
one  patient,  but  it  does  not  seem  to  be  a  pure  accident,  and  it  fits  into  our 
general  picture. 
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Whitlockite,  then,  is  deposited  where  iia,,.  the  supersaturation  with  respect 
to  apatite,  is  low.  The  iia,,  is  low  in  the  subffin{?ival  area  because  of  acid-pro¬ 
ducing  fermentation.  In  the  parotid  region  nap  is  low  because  parotid  saliva 
is  not  very  supersaturated  with  apatite. 

It  remains  to  be  seen  whether  the  reason  for  Whitlockite  being  prepon¬ 
derant  is  that  the  apatite-inhibiting  factor  is  more  active  at  low  supersatura¬ 
tion,  or  that  the  better  crystalline  whitlockite  (vide  infra)  is  more  resistant 
to  redissolution  by  acid  from  periodic  bacterial  action  than  poorly  crystalline 
apatite.  Both  hypotheses  seem  a  priori  plausible. 

CORROSION  PRODUCTS  OF  DENTAL  AMALGAM  FOUND  IN  CALCULUS  SPECIMENS 

One  diagram  (No.  8)  contained  a  series  of  sharp,  clear  lines  not  due  to 
any  expected  substance.  The  d-values  (interplanar  spacings)  were  calculated 
for  all  lines  in  the  diagram  which  were  not  due  to  apatite.  By  means  of  the 
d-values  for  the  3  strongest  lines,  and  without  any  further  assumptions,  a  sub¬ 
stance  was  identified  by  means  of  the  A.S.T.M.  card  index  of  powder  diagrams. 
The  substance  was  the  mineral  moschellandsbergite"  AgoHgs  or  AgjHgs  or 
AgioHgis,  better  known  as  the  yi  phase  of  the  silver-mercury  alloy  system,  and 
a  major  constituent  of  dental  amalgam.  The  result  was  somewhat  unexpected 
since  the  calculus  specimen  was  of  a  light  color.  Later,  apparently  the  same 
system  of  lines  was  found  in  the  diagram  of  Specimen  41. 

Not  all  nonphosphate  lines  present  were  due  to  Ag^llgs.  An  attempt  was 
made  to  identify  all  the  lines  hy  consulting  the  literature  on  the  metallography 
and  crystallography  of  dental  amalgams.'*  ’*  The  data  for  nonphosphate  lines 
on  Films  8  and  41  were  compared  with  the  data  from  a  diagram  of  an  amal¬ 
gam  filling  prepared  lege  artis  and  hy  the  dentist  who  had  made  the  fillings 
for  No.  41.  This  filling  was  prepared  in  the  cavity  of  an  extracted  tooth,  kept 
under  water  at  37°  for  2  w’eeks,  after  which  it  was  filed,  and  a  diagram  was 
taken  from  filings  of  the  hardened  filling.  All  the  lines  in  Diagrams  8  and  41 
not  due  to  calculus  phosphates  were  found  to  he  due  to  components  of  set 
amalgam.  We  had  ht)ped  to  find  out  whether  all  components  corrode  equally 
fast  at  the  surface  of  an  amalgam  filling  in  the  oral  cavity.  We  are  not  aware 
of  any  previous  attempt  to  answer  this  question.  The  material  was  insufficient 
to  provide  a  definite  answer. 


Table  111 

Ukystai.une  Phases  Foi’.nu  in  1)ent.\i.  .Amalgams 


NAME  AND  COMCOSiTION 

CRYSTAL 

SYSTEM 

AXIAL  LENGTHS 
(T.  J.  .ANUM.  D.) 

y,  =  Ag.llK, 

Cubic 

a  =  10.032 A 

s,  =  !4<>li(l  Holution  of  H);  in  .Ac 

Hexagonal 

(a  s  2.99A;  c  4:83A) 

■y,  =  Holiil  Holutioii  of  Hg  in  Hn 

Hexagonal 

a  =  3.209A;  c  =  2.984A 

AjljSn  (tliP  unattackp*]  “alloy”) 

Hexagonal 

a  =  3.1H)1A;  e  =  4.816A 

The  diagram  of  our  pure  amalgam  contained  06  lines.  Forty-two  were 
due  to  y,  «—  Ag6lIg8,IU  to  y,  — =  lig  in  Sn,  9  to  AgjSn  —  “alloy.”  t^ive  lines 
were  superpositions  t»f  lines  from  2  phases,  and  no  unidentifiable  lines  were 
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present.  A  small  amount  of  /?i  =  Hg  in  Ag  may  also  have  been  present.  This 
is  difficult  to  detect.  The  3  strongest  lines  of  “clash”  with  2  rather  strong 
lines  of  AgsSn  and  1  very  strong  line. 

The  axial  lengths  were  found  to  be  somewhat  different  from  values  quoted 
in  literature.  The  axial  lengths  need  not  by  necessity  be  constant,  for  the 
phases  are  solid  solutions.  Our  values,  however,  were  the  same  within  experi¬ 
mental  error  in  all  3  specimens.  They  may  then  be  nearer  to  the  normal  values 
for  set  amalgam  than  those  of  Gayler’^  and  Troiano.”  The  relative  intensities 
of  the  lines  from  amalgam  compounds  in  Diagrams  8  and  41  and  of  the  intact 
filling  indicate  a  difference  in  relative  abundance  of  the  several  phases.  The 
lines  from  AggSn  =  “alloy”  were  very  weak  in  8  and  41,  indicating  a  much 
lower  percentage  of  “alloy”  in  the  corroded  than  in  the  intact  amalgam.  In 
the  same  way  it  was  found  that  the  corroded  amalgam  in  41  had  a  somewhat 
lower  percentage  of  72  =  Hg  in  Sn  than  had  the  corroded  amalgam  of  8  and 
the  intact  filling. 

Had  the  whole  fillings  of  8  and  41  been  at  our  disposal  for  comparison, 
we  should  have  been  able  to  say  with  certainty  whether  this  was  so  because 
AgjSn  and  72  are  less  resistant  to  corrosion  than  the  main  constituent  of  a 
filling  7i  =  AgsHgs.  As  it  is,  it  can  only  be  stated  that  we  believe  it  is  the 
case  with  AgsSn,  and  that  the  methods  of  x-ray  crystallography  are  capable 
of  proving  or  disproving  it,  once  the  materials  (corrosion  product  and  under¬ 
lying  filling)  are  available. 

MINOR  CRYSTALLINE  CONSTITUENTS  OF  CALCULUS 

On  diagrams  of  5  calculus  samples  (Nos.  32,  40,  43,  46,  48),  a  few  ex¬ 
tremely  weak  lines  due  neither  to  the  calculus  phosphates  nor  to  the  amalgam 
phases  previously  dealt  with  were  found.  Minor  quantities  of  other  com¬ 
pounds  must  have  been  present.  By  aid  of  the  A.S.T.M.  card  index  it  was 
found  that  2  of  these  lines  agreed  with  the  2  strongest  lines  of  calcium  oxalate- 
monohydrate,  a  compound  not  unlikely  to  precipitate  occasionally  in  the  oral 
cavity.  A  third  fairly  strong  line  in  the  CaOxHaO  diagram  is  situated  at 
about  9  —  8.63°.  This  line  was  not  found  in  our  diagrams.  At  low  9  values 
the  diagrams  have  a  high  background,  so  it  is  very  difficult  to  see  extremely 
weak  lines. 

Table  IV 


COMFAEISON  OK  THE  GLANCING  ANGLE  0  FOR  THE  3  UNKNOWN  LINES  FROM  CALCULUS  32,  40, 
43,  46,  AND  48  With  the  3  Htkongest  Lines  of  CaOx-H,0.  C(»alt  Ka  Kadiation 


0 

1  32 

1  40 

1  43 

1  46 

1  48 

1  CaOX'HjO 

—  9' 

8.63' 

^  9“ 

9.32' 

9.32' 

9.33' 

—14' 

14.12' 

14.12' 

14.14' 

14.21' 

14.20“ 

14.16' 

—17' 

« 

17.67' 

17.67' 

* 

17.65' 

17.54' 

•The 

line  at  #  — 

17'  couid  be 

seen  on  these 

aims  but  it 

was  impossible 

to  measure  its 

position  because  of  interfering  lines  from  other  compounds. 

The  agreement  of  9  values  for  the  lines  at  0  14°  and  9  —  17°  makes 

it  very  likely  that  CaOx  HaO  has  been  pi  esent.  A  line  in  our  diagrams  situated 
at  =»  9.32°  -  9.35°  is  definitely  not  from  CaOx  •  H2O,  but  from  a  compound  so 
far  unidentified. 
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CONCLUDING  OBSERVATIONS 

{  The  object  of  this  study  was  to  provide  an  orientation  in  the  crystallog- 
^•aphy  of  dental  calculus  and  a  check  on  the  authors’  hypothesis  of  an  apatite- 
I  impeding  factor  in  the  saliva.  More  extensive  studies  along  similar  lines  might 
Svell  be  profitable.  In  any  such  study,  full  clinical  observations  (e.g.,  regard¬ 
ing  viscosity  of  the  saliva  and  age  of  calculus)  should  be  made  and  utilized. 
Specimens  from  different  regions  should  always  be  kept  separate,  and  they 
should  be  examined  under  the  microscope  and  described  before  powdering 
for  x-ray  analysis. 

Surveys  in  different  populations  might  be  worth  making.  Similar  sur¬ 
veys  of  urinary'  calculus  (literature  in  Prien,^^)  in  different  populations  show 
large  differences  of  frequency  for  different  calculus  types.  These  differences 
are  to  a  large  extent  nutritionally  conditioned,  but  they  are  not  yet  fully  un¬ 
derstood.  Similar  differences  in  dental  calculus  should  perhaps  be  expected. 

After  the  conclusion  of  this  study  2  extremely  interesting  papers  by 
Masao  Kusunoki  came  to  our  attention.'®*  '*  In  the  former  Kusunoki  demon¬ 
strated  that  patients  with  dental  calculus  in  general  have  a  saliva  of  low  vis¬ 
cosity  and  low  protein  content.  In  the  latter  he  showed  that  the  higher  the 
mucin  content  in  a  saliva  the  lower  the  chance  for  calculus  formation,  from 
which  he  concluded  that  mucin  inhibits  the  formation  of  calculus.  This  is  the 
only  mention  of  a  calculus-inhibiting  factor  in  the  saliva  which  we  have  found 
in  the  literature.  If  Kusunoki ’s  anticalculus  factor  is  identical  with  our  anti¬ 
apatite  factor  arrived  at  by  a  different  route,  calculus  from  patients  with 
saliva  of  high  viscosity  should  be  richer  in  whitloekite  than  calculus  from  pa¬ 
tients  with  saliva  of  low  viscosity.  Kusunoki  also  determined  phosphate  cal¬ 
cium  and  pll  in  the  saliva  of  his  patients.  Unfortunately,  he  did  not  deter¬ 
mine  conductivity  or  calculate  degrees  of  saturation,  as  did  Schmidt-Nielsen* 
and  Ericsson.'®  He  denied  any  correlation  between  calculus  formation  and 
pH,  or  phosphate,  or  calcium  concentration.  We,  on  the  other  hand,  should 
think  that  the  degree  of  saturation  would  be  at  least  loosely  correlated  to 
calculus  frequency,  because  we  have  shown  previously  that  there  is  a  clear 
correlation  between  degree  of  saturation  and  formation  of  brushite  calculus. 

SUMM.VRY 

Fifty-two  .samples  of  dental  calculus  were  examined  by  x-ray  crystallog- 
)  raphy.  They  consist  almost  exclusively  of  mixtures  of  3  calcium  phosphates — 

)  colloidal  apatite,  colloidal  whitloekite  (somewhat  less  disperseil  than  the 
I  apatite),  and  macrocrystalline  bimshite. 

I  Apatite  was  found  in  all  samples.  The  otherwise  very  rare  whitloekite 
was  found  in  41  of  52  specimens,  a  higher  frequency  of  whitloekite  than  that 
found  in  calculi  from  the  salivary  glands.  This  substantiates  the  hypothesis 
put  forward  by  the  authors,  that  there  is  present  in  saliva  a  factor  which  im¬ 
pedes  the  precipitation  of  apatite.  Brushite  was  found  in  7  samples  of  21  in 
calculus  from  the  mandibular  anterior  teeth  but  not  in  other  regions  of  the 
mouth.  A  recalculation  of  Sehmidt-Nielsen’s  analyses*  of  saliva  from  19  stu¬ 
dents  showed  that  their  mandibular  saliva  had  been  supersaturated  with 
brushite  in  all  cases  but  three,  while  their  paixitid  saliva  had  been  uusaturated 
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ill  all  cases  but  one.  Corrosion  products  of  amalgam  fillings  were  found  in  2 
calculus  samples.  The  composition  of  these  corroded  fillings  was  compared 
with  that  of  a  freshly  prepared  filling.  The  comparison  seems  to  indicate  that 
AgjSn  “alloy”  in  the  oral  cavity  dissolves  faster  than  the  other  phases  pres¬ 
ent  in  set  amalgams.  The  corroded  surface  and  the  underlying  intact  filling 
from  the  same  tooth  should,  however,  be  investigated  in  order  to  give  a  final 
answer  to  the  question  of  corrosion  velocity  of  different  phases  in  amalgam 
fillings. 

Five  of  the  samples  contained  small  amounts  of  a  crystalline  compound 
which  is  almost  certain  to  be  calcium  oxalate-monohydrate.  Three  of  the  5 
samples  contained  minute  quantities  of  another  compound,  so  far  not  identi¬ 
fied. 

We  are  in<lel)te(l  to  Drs.  P.  O.  Pedersen,  Gertrud  Lund,  and  W.  Riis  Klausen  for  sup¬ 
plying  the  ca’culus  material.  We  thank  Drs.  A.  Unmack  and  Tso-Yueh  Huang  for  their 
aid  in  making  the  diagrams.  Carlsbergs  Mindelegat,  for  Brygger  J.  C.  Jacobsen,  has  finan¬ 
cially  supported  a  research  program  in  the  chemistry  of  calcium  phosphates,  of  which  the 
present  study  forms  a  part. 
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MUCIN  CONTENT,  PHYSICAL  PROPERTIES  OF  SALIVA  AND  CARIES 

.  ACTIVITY 

MARGARET  R.  DEWAR*  AND  G.  J.  PARFITT 

Institute  of  Dental  Surgery,  University  of  London,  and  Eastman  Dental 
Dispensary,  Bochester,  N.  Y. 

Although  it  is  a  common  belief  among  dentists  that  ropy,  viscous  saliva 
is  associated  with  a  high  susceptibility  to  dental  caries,  there  is  little 
authoritative  evidence  to  support  this  point  of  view.  Such  quantitative  meas¬ 
ures  as  have  been  made  to  determine  the  nature  of  this  relationship  have  as¬ 
sumed  that  these  physical  properties  are  due  to  a  high  mucin  content.  We 
have  previously  established  a  connection  between  the  state  of  the  mucin  and 
the  magnitude  of  these  physical  properties.'  In  other  published  reports,  no 
correlation  was  found  between  the  physical  properties  and  caries  activity  by 
Lothrop  and  Gies,*  Pickerill,®  and  Rae  and  Clegg.*  Krasnow  and  Oblatt*  and 
Karshan®  have  investigated  protein  content  of  the  saliva  in  relation  to  dental 
caries  and  found  no  definite  relationship.  Willsmore'  studied  the  osmotic 
pressure  and  viscosity  of  saliva  and  concluded  that  there  was  a  relationship 
between  the  occurrence  of  gingival  cavities  and  highly  viscous  saliva.  The 
validity  of  most  of  these  conclusions  is  questionable  because  of  difficulty  in 
evaluating  the  methods  of  collection,  treatment,  or  testing  of  the  salivarj’ 
samples.  Further  complication  is  added  by  uncertainties  which  surround  the 
estimations  of  the  activity  of  caries. 

Attempts  to  decide  on  theoretical  grounds  whether  the  physical  proper¬ 
ties  of  saliva  (which  in  turn  are  closely  correlated  with  the  mucin  content) 
will  infiuence  caries  activity  in  any  particular  direction  will  almost  certainly 
give  invidious  results.  On  one  side  it  can  be  argued  that  an  increased  protein 
content  in  the  saliva  would  provide  increased  plaque  material,®  a  better  sub¬ 
strate  for  acidogenic  bacteria,®'"  increased  amino  acids  which  might  serve  as 
a  source  of  acid,'®  and  an  interference  of  proteolytic  enzymes  and  lysozyme 
activity,'®  all  factors  which  might  V'r^dispose  toward  dental  caries.  On  the 
other  hand,  it  may  be  suggested  that  the  increased  protein  content  and  con¬ 
comitant  increased  viscosity  would  enable  the  saliva  to  hold  more  inorganic 
material  in  suspension  and  thereby  increase  its  buffer  capacity  both  as  the  re¬ 
sult  of  increased  inorganic  as  well  as  protein  content.  Obviously  the  only 
way  in  which  anything  like  a  satisfactory  answer  can  be  given  to  this  problem 
is  to  investigate  the  relationship  with  more  critical  procedures  than  have  been 
previously  employed.  This  paper  is  a  report  of  such  an  effort. 

This  paper  ia  baaeil  on  a  portion  of  a  thesis  submitted  to  the  I'niversity  of  London. 
England,  In  support  of  the  senior  author's  candidature  for  the  degree  of  Doctor  of  Philosophy. 
Received  for  publication  May  21,  1253. 

*Preaent  address;  Institute  of  Dental  Research.  Sydney,  Australia. 
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METHODS 

Collection  and  Testing  of  Saliva. — ^Both  resting  and  stimulated  saliva  were 
used.  Resting  saliva  was  collected  by  allowing  saliva  to  run  from  the  mouth 
into  a  test  tube  for  ten  minutes.  The  samples  were  immediately  placed  on  ice. 
Stimulated  saliva  was  obtained  by  chewing  paraffin  wax  for  periods  of  five 
and  fifteen  minutes.  The  samples  were  collected  in  the  mornings  of  three  dif¬ 
ferent  days  at  least  two  hours  after  any  food  or  drink  had  been  taken. 

Samples  of  saliva  from  140  individuals  aged  4  to  35  years  were  tested. 
Resting  saliva  samples  were  used  for  measuring  spinnharkeit  (the  capacity  to 
be  drawn  into  a  thread),  tack,  viscosity,  and  mucin  content.  The  activated 
saliva  samples  were  employed  for  caries  activity  tests. 

Measurements  of  Physical  Properties  of  Saliva. — It  has  been  pointed  out^ 
that  there  are  a  number  of  measurements  which  can  be  made  on  saliva  which 
have  not  previously  been  investigated  in  relation  to  caries  activity.  These  are 
viscosity,  tack,  and  spinnharkeit.  A  discussion  of  the  nature  of  these  proper¬ 
ties  and  of  an  account  of  methods  of  determining  them  has  been  given^  and 
so  will  not  be  presented  here  further  than  to  say  that  viscosity  was  measured 
by  the  time  taken  for  a  ball  to  fall  through  a  confined  column  of  saliva  at  stand¬ 
ard  pressure,  spinnharkeit  was  the  height  to  which  the  saliva  could  be  drawn, 
and  tack  the  weight  capable  of  being  borne  by  the  adhesion  of  saliva  to  a  disc 
of  known  area.  The  mucin  content  of  saliva  was  estimated  by  Congo  red  in 
acid  alcohol  (A.C.R.A.)  titer  and  by  measuring  tyrosine  present  in  hydrolyzed 
saliva. 

Assessment  of  Caries  Activity. — Obviously  there  is  little  point  in  applying 
improved  methods  of  measuring  the  physical  properties  of  saliva  to  the  prob¬ 
lem  of  the  relationship  to  caries  unless  the  best  possible  assessment  of  caries 
activity  is  made  at  the  time  of  the  investigation.  There  is  no  unanimity  of 
opinion  as  to  how  caries  activity  can  best  be  measured.  The  procedures  em¬ 
ployed  are  either  tests  carried  out  in  the  laboratory  on  samples  of  saliva  or 
clinical  examinations.  We  have  endeavored  to  combine  both. 

Clinical  examinations  were  carried  out  using  a  standard  mirror  and 
probe  and,  in  the  case  of  the  low  caries  group,  using  x-ray  films  of  interproxi- 
mal  areas.  “Sticky”  fissures  in  which  there  was  a  question  of  caries  activity 
were  recorded  separately.  Most  of  the  patients  examined  could  not  be  fol¬ 
lowed  for  a  period  of  more  than  a  few  months,  so  only  one  clinical  examination 
was  made  and  caries  activity  was  recorded  as  DMF  teeth.  In  previous  work,^* 
one  of  us  found  that  if  standard  conditions  of  collection  and  treatment  were 
followed,  three  different  laboratory  tests  gave  an  indication  of  caries  sus¬ 
ceptibility.  These  were  the  lactobacillus  count,”-  ”  the  buffer  capacity  of  the 
saliva,*^  and  the  modification  of  Fosdick’s  chemical  tests.^*  Each  of  these  was 
found  to  be  correlated  statistically  with  caries  activity  as  judged  by  the  num¬ 
ber  of  decayed,  missing,  and  filled  teeth.  It  has  been  found  possible  to  com¬ 
bine  these  in  one  statistical  expression  of  caries  susceptibility,  giving  due 
weight  to  each  test  according  to  the  degree  of  its  particular  correlation  with 
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caries  susceptibility.  On  the  basis  of  the  statistical  analysis  of  the  results  ob¬ 
tained  from  the  study  of  eighty-six  individuals,  an  estimating  equation  was 
derived. 

Xo  =  11.00X1-4.42X2- 5.83X3-^0.76 

where  Xo  =  caries  activity  as  predicted  from  the  results  of  the  labora¬ 
tory  tests 

Xi  =  log  lactobacillus  count 
X2  =  buffer  capacity  value 
Xs  =  modified  Fosdick  test  value. 

The  application  of  this  equation  raised  the  correlation  coefficient  to  0.84  as 
against  +0.79  for  the  log  of  the  lactobacillus  count,  -0.58  for  the  buffer  capacity  of 
saliva,  and  -0.70  for  the  modified  Fosdick  test.  Thereafter,  this  was  combined 

with  the  clinical  assessment  by  means  of  a  formula - ^ - ^(Xo  =  num¬ 

ber  of  DMF  teeth),  and  the  findings  were  used  to  establish  grades  of  sus¬ 
ceptibility  as  follows: 

when  Y  =  0-  4  =  ±  immune 

=  5-  8  =  +  slightly  susceptible 

=  9-16  =  -H-  moderately  susceptible 

=:  17-28  =  -m-  highly  susceptible 

>28  -  =  III;  rampant. 

RESULTS 

Plotting  of  the  composite  caries  activity  figure  against  each  of  the  physi¬ 
cal  measurements  made  on  saliva  (Fig.  1)  showed  that  no  correlation  was  ap¬ 
parent  between  dental  caries  experience  and  the  physical  properties  of  saliva. 

The  coefficient  of  correlation  of  the  caries  susceptibility  figure  (Y)  to 
A.C.R.A.,  to  viscosity,  to  spinnbarkeit,  and  to  tack  was  in  all  cases  less  than 
0.1.  The  correlation  coefficient  between  Y  and  the  mucin  content  as  measured 
by  the  tyrosine  present  was  0.19. 

Tables  I  and  II  show  numerically  that  no  relationship  exists  between  the 
physical  properties  of  saliva  and  the  mucin  content  and  caries  activity. 

In  the  present  investigation,  the  results  were  also  analyzed  for  gingival 
caries  to  see  if  there  was  a  correlation  between  the  number  of  carious  cavities 
occurring  on  the  lingual  and  buccal  surfaces  of  the  teeth  and  saliva  viscosity 
or  spinnbarkeit  (Table  III). 

Contrary  to  Willsmore’s  findings,  no  correlation  was  found.  The  correla¬ 
tion  coefficients  for  gingival  cavities  to  saliva  viscosity  and  to  saliva  spinn¬ 
barkeit  w'ere  less  than  0.1  for  the  total  number  of  individuals  and  also  for  those 
individuals  of  17  years  and  under. 

COMMENT 

The  inclusion  of  the  bacteriologic  and  biochemical  tests  in  this  present 
investigation  of  the  colloidal  properties  of  saliva  afforded,  incidentally,  con¬ 
firmation  of  previous  findings  of  the  value  of  these  tests  in  assessing  caries 


Susceptibility  score  Susceptibility  score 

Fig.  1. — Correlation  of  salivary  properties  and  caries  activity. 
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tion.  In  the  entire  group  of  140  individuals  whose  ages  ranged  from  4  to  35 
years,  the  value  dropped  to*  0.52.  Such  a  drop  was  due  to  poor  agreement 
among  the  older  group,  for  in  the  sixty-five  individuals  over  the  age  of  17,  the 
correlation  coefficient  of  Xo  to  Xo  was  0.48. 


Table  I 

Correlation  op  Caries  Activity  With  Mucin  Content  op  Saliva 


CARIES 

SUSCEPTIBILITY 

MUCIN  CONTENT  AS  SHOWN  BY 

A.C.R.A.  TITER 

TYROSINE  (MG./lOO  ML.) 

NO.  CASES 

MEAN 

o* 

NO.  CASES 

MEAN 

+ 

30 

4.6 

1.5 

18 

20.4 

9.1 

+ 

19 

5.2 

1.4 

23.1 

++ 

34 

5.1 

1.6 

12 

25.6 

8.1 

+++ 

43 

5.2 

1.7 

24 

25.8 

++++ 

14 

4.6 

1.5 

4 

7.9 

0 


standard  deviation 


(M-r) 

n 


where  M  =  mean 

r  =  reading 
n  =  number  of  cases. 


Table  II 

Correlation  op  Caries  Activity  With  Physical  Measurements  on  Saliva 


CARIES 

SUSCEPTIBILITY 

Spinnbarkeit 

(INCHES) 

VISCOSITY 
(CENTIPOISES  at  P,) 

TACK 

(GM.) 

NO. 

CASES 

MEAN 

NO. 

CASES 

MEAN 

<r 

NO. 

OASES 

MEAN 

a 

+ 

30 

0.6 

1.1 

15 

4.13 

1.73 

5.08 

0.16 

+ 

19 

0.9 

0.9 

11 

4.46 

1.36 

14 

5.11 

0.17 

++ 

29 

0.7 

0.7 

20 

4.12 

1.44 

25 

0.12 

+++ 

37 

1.0 

1.1 

22 

1.71 

29 

0.17 

++++ 

14 

0.8 

1.1 

3 

0.58 

5 

4.95 

0.21 

Table  III 

Inspection  op  Relation  op  Gingival  Caries  to  Viscosity  and  Spinnbarkeit 


NO. 

PERSONS 

GINGIVAL  CAVITIES 

AVERAGE  NO. 
GINGIVAL 
CAVITIES 

MEAN 

VISCOSITY  AT 

P,  ( CENTIPOISES) 

MEAN 

Spinnbarkeit 

(INCHES) 

59 

0 

0 

4.0 

0.7 

41 

1-  3 

1.9 

5.3 

1.0 

23 

4-  6 

4.6 

3.0 

0.7 

22 

7-19 

9.4 

5.6 

0.9 

This  lack  of  agreement  among  the  older  group  may  be  due  to  a  change 
with  age  in  the  influence  of  the  various  salivary  factors  on  caries  activity  or  to 
the  unsuitability  of  the  DMF  figure  assessment  over  the  age  of  17.  It  is  well 
established,  however,  that  the  DMF  figure  is  misleading  as  an  index  of  con¬ 
current  caries  activity  in  the  older  age  groups,  as  the  DMF  figure  includes 
clinical  changes  of  many  years’  standing.  So  in  these  cases  it  seems  justifiable 
to  claim  that  the  laboratory  assessment  of  caries  activity  is  more  accurate  than 
DMF  value. 

As  DMF  was  considered  in  obtaining  the  susceptibility  score  (Y),  it  was 
felt  that  perhaps  Y  for  the  older  group  was  open  to  criticism.  Therefore,  the 
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group  of  17  years  and  under  were  considered  separately  for  possible  correla¬ 
tion  of  caries  activity  and  mucin  content  of  saliva  and  physical  properties  of 
saliva.  Coefficients  of  correlation  were  from  -0.1  to  +0.1,  which  is  no  different 
from  those  of  the  complete  group. 


SUMMARY 

Measurements  of  the  several  physical  properties  and  the  mucin  content 
of  saliva  of  140  individuals  4  to  35  years  of  age  were  compared  with  their 
caries  activity  as  estimated  by  a  method  which  combined  clinical  examinations 
and  laboratory  tests. 

No  relationship  was  demonstrated  between  caries  activity  and  either  the 
mucin  content  of  resting  saliva  as  measured  by  tyrosine  content  and  A.C.R.A. 
titer  or  the  physical  characteristics  of  saliva  as  demonstrated  by  the  values 
for  viscosity,  spinnbarkeit ,  and  tack. 
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A  STUDY  OF  STRESS  PATTERN  VARIATIONS  IN  CLASS  II  CAVITY 
RESTORATIONS  AS  A  RESULT  OF  DIFFERENT  CAVITY  DESIGNS 

RICHARD  C.  HASKINS,  D.D.S.,  M.S.,*  DONALD  C.  HAACK,  M.S.,  AND 
RALPH  L.  IRELAND,  D.D.S.,  M.S. 

From  the  Department  of  Pedodontics,  College  of  Dentistry,  and  Engineering  Mechanics, 
College  of  Engineering,  University  of  Nebraska,  Lincoln,  Neb. 

INTRODUCTION 

A  VARIETY  of  Class  II  cavity  preparations  were  investigated  to  determine 
which  cavity  form  would  be  most  desirable  for  a  silver  amalgam  restoration 
in  a  primary  molar  tooth.‘  It  was  found  that  side  retention  grooves  placed  in 
the  proximal  box  portion  of  the  cavity  preparation  and  rounding  and  sloping 
the  pulpal  wall  were  the  most  beneficial  in  increasing  the  resistance  of  the 
silver  amalgam  restoration  to  fracture.  Rounding  the  pulpal-axial  line  angle 
and  placing  a  U-shaped  retention  groove  in  the  gingival  wall  were  found  to  be 
much  less  effective.  However,  the  most  interesting  finding  was  that  when  all 
these  principles  were  included  in  the  same  cavity  design,  the  resistance  of  the 
silver  amalgam  restoration  to  fracture  was  increased  far  beyond  the  additive 
sum  of  the  principles  tested. 

Following  the  previously  mentioned  investigation,  another  study  suggested 
itself:  to  delp»*^T^^n«>  what  Clas9  II  cavity  designs  would  have 

Olathe  in  the  restoration.  It  was  with  this  idea  in  mind  that  a  photo- 

elagtic  atiidv  of  ywrinna  ninnfl  IT  f»avitv  preparations  was  undertaken. 

It  would  be  very  difficult,  if  not  impossible,  to  study  such  a  photoelastic 
model  in  three  dimensions.  Therefore,  it  was  decidtHl  to  study  first  several 
factoi’s  which  could  be  seen  in  a  mesioelistal  cross  section  of  a  tooth.  These 
factors  were:  (1)  Occlusal  steps  of  various  depths,  (a)  shallow  and  (b)  deep, 
(2)  the  vertical  axial  wall,  (3)  the  rounding  and  sloping  vertical  wall,  (4)  the 
horizontal  pulpal  wall,  (5)  the  rounding  and  sloping  pulpal  wall,  (6)  the  round¬ 
ing  pulpal-axial  line  angle,  and  (7)  the  square  pulpal-axial  line  angle. 

Before  beginning  this  project  we  realized  that  it  would  be  a  qualitative 
study  and  that  the  results  obtained  could  not  be  used  for  quantitative  measure¬ 
ment.  The  results,  however,  could  be  used  on  a  comparative  basis,  one  result 
compared  with  and  against  another  result  of  this  same  studj’. 

REVIEW  OP  THE  LITERATURE 

We  were  unable  to  find  a  single  report  of  an  investigation  designed  to  study 
the  internal  stresses  which  are  formed  in  the  restoration  when  different  prin¬ 
ciples  of  cavity  preparation  are  employed.  Noonan*  reported  recently  on  the 

The  data  preaented  In  thta  paper  were  taken  from  a  theaia  aubmitted  in  January.  1953. 
by  Richard  C.  Haaklna  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Master  of 
Science  in  Dentiatry  In  the  Uraduate  College  of  the  I'niveraity  of  Nebraska.  This  investigation 
was  supported  by  the  Medical  Research  and  Development  Board,  Otttce  of  the  Surgeon  Gen¬ 
eral,  Department  of  the  Army,  under  Contract  Na  D.\-49-007-MD. 

Received  for  publication  Aug.  19,  1963. 

'Present  address:  Salt  Lake  City,  Utah. 
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use  of  photoelasticity  in  a  study  of  cavity  preparations,  concluding  that  a  flat 
cavity  floor  permits  less  stress  concentration  than  one  which  is  rounded,  a 
rounded  angle  permits  less  stress  concentration  than  a  sharp  angle,  and  reten¬ 
tion  points  should  not  be  sharp,  but  rounded  to  decrease  stress  concentration. 

METHODS  AND  MATERIALS 

For  diffused  field  photoelastic  work  it  is  desirable  to  have  a  fairly  large 
photoelastic  model.  Therefore,  a  mandibular  second  primary  molar,  ten  times 
actual  size,  was  selected  and  prepared  for  this  study.  Cold  molding  compound 
was  used  to  make  a  synthetic  rubber  mold  of  the  model. 


Fi|?.  1. — Model  on  left  has  square  pulpal-axial  line  angle.  Model  on  right  has  rounded  pulpal- 

axial  line  angle. 

A  mesial-occlusal  cavity  was  carved  in  a  plaster  tooth  made  from  the  rubber 
mold.  Because  the  model  was  ten  times  the  size  of  an  average  tooth,  all  cavity 
preparations  were  made  ten  times  the  dimensions  one  might  employ  for  the 
average-sized  tooth.  Measuring  from  the  deepest  point  of  the  occlusal  surface, 
the  pulpal  wall  was  made  10  mm.  deep.  The  mesiodistal  width  of  the  gingival 
seat  was  ten  times  the  width  of  a  No.  558  fissure  bur.  All  walls  and  floors  of 
the  cavity  were  flat,  and  the  pulpal-axial  line  angle  was  sciuare. 

A  mold  of  the  plaster  model  tooth,  in  which  the  mesial-occlusal  cavity  had 
been  prepared,  was  made  with  the  cold  molding  compound.  A  plaster  of 
Paris  model  was  secured  from  this  mold,  and  the  original  cavity  preparation  was 
changed  by  lowering  the  pulpal  wall  5  mm.  A  rubber  mold  was  then  made  of 
this  tooth  and  the  cavity  preparation. 

Rubber  molds  were  now  available  so  that  the  three  models  could  be 
duplicated. 

Sixteen  plaster  models  were  required  in  order  to  study  each  cavity  form  in 
all  possible  combinations.  Therefore,  sixteen  models  were  secured  (eight  of  each 
basic  cavity  preparation),  and  the  cavity  modifications  were  added  separately 
to  the  plaster  models. 
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Details  of  Principles  Tested. — 

1.  Bounded  pulpal-axial  line  angle:  The  pulpal-axial  line  augle  was  evenly 
rounded  on  the  appropriate  cavities  (Fig.  1). 

2.  Bounding  and  sloping  the  palpal  floor:  The  rounding  was  started  at  a 
point  approximately  beneath  the  central  pit  of  the  occlusal  surface  and  extended 
to  the  pulpal-axial  line  angle.  In  the  region  of  the  central  pit,  the  extent  of  the 
rounding  was  narrow  and  shallow  with  the  cut  gradually  becoming  wider  and 
deeper  until  the  pulpal-axial  line  angle  was  reached.  At  the  pulpal-axial  line 
angle,  the  cut  was  ten  times  one-half  the  diameter  of  a  No.  4  round  bur.  In  actual 
measurements  this  cut  was  33.2  mm.  long  and  7.5  mm.  deep  at  the  pulpal-axial  line 
angle  (Fig.  2). 


2. — Model  showing:  extent  of  rounding:  and  slopinK  the  pulpal  wall  of  the  cavity  prepara¬ 
tion. 

3.  Bounding  and  sloping  the  axial  ivall:  To  the  best  of  our  knowletlge,  this 
principle  has  never  been  advocated  or  employed  for  Class  II  cavity  preparations. 
Sloping  and  rounding  the  axial  wall  was  included  in  this  investigation  because 
engineering  principles  indicated  that  lower  stress  concentration  at  the  pulpal-axial 
line  angle  should  result  from  a  structure  of  an  elliptical  form.  The  slojw  of  the 
axial  wall  was  started  very  shallow,  5  mm.  above  the  gingival  wall,  and  was 
gradually  deepened  as  the  cut  was  brought  occlusally  to  the  pulpal-axial  line  angle. 

At  this  point  the  cut  was  7.5  mm.  deep.  The  length  of  the  cut  on  the  axial  walls 
varied  because  of  the  different  depths  of  pulpal  walls  which  were  investigated 
(Pig.  3). 

4.  Shallow  and  deep  occlusal  steps:  Pulpal  wall  depths  of  10  mm.  and  15  mm. 
were  studied  (Fig.  4). 

Filling  the  Cavities. — Plaster  indices  of  the  occlusal  and  mesial  surfaces  of 
the  orig^inal  plaster  models  were  made.  The  purposes  of  these  indices  were  to 
help  contour  the  filling  material  as  it  was  poured  into  the  cavities  and  to 
establish  uniform  occlusal  and  proximal  thickness  of  the  filling. 

Prior  to  filling  the  cavities  the  sixteen  plaster  moilels  and  the  mesial  and 
occlusal  indices  were  given  three  separate  coats  of  plastic  movlel  spray.  When 
the  ])la.stic  spray  was  dry,  the  models  and  indices  were  covertnl  with  a  thin 
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coating  of  petrolatum.  The  cavities  in  the  models  were  filled  separately  with 
plaster  of  Paris  which  had  been  colored  red  so  that  the  filling  could  be  distin¬ 
guished  from  the  tooth. 


Fig.  3. — Model  showing  extent  of  rounding  and  sloping  the  axial  wall  of  the  cavity  preparation. 


Fig.  4. — ^Models  showing  cavity  preparations  with  pulpal  wall  depths  of  15  mm.  (left)  an<l 

10  mm.  (right). 

Preparing  the  Plaster  Filling  Model. — The  mesial  and  distal  pits  on  the 
occlusal  surface  of  the  plaster  teeth  were  used  as  guide  points,  and  the  sixteen 
models  each  were  cut  into  two  halves  with  an  electric  band  saw.  The  inside 
surfaces  of  all  buccal  portions  of  the  teeth  were  smoothed  with  an  electric 
sanding  machine.  A  wafer  3  mm.  wide  was  then  cut  from  the  inside  of  the 
buccal  portion  of  the  piaster  models  and  the  red  plaster  filling  separated  from 
the  white  plaster  portion  of  the  wafer. 
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Preparing  the  Photoelastic  Model. — Catalin  was  the  photoelastic  material 
used  in  this  study.  Catalin  is  a  good  material  for  use  in  photoelastic  studies 
because  it  can  be  worked  and  heated  to  a  limited  degree  without  developing 
residual  stress  patterns  which  appear  in  the  polariscope.  Catalin  is  a  clear, 
colorless,  phenol-formaldehyde  resin  and  is  optically  sensitive.  Outside  the 
polariscope,  catalin  appears  to  be  an  ordinary  plastic  material. 

The  previously  sanded  surface  of  one  of  the  red  plaster  filling  models  was 
placed  on  a  piece  of  catalin,  and  a  tracing  of  the  plaster  filling  model  was  made 
on  the  catalin  with  a  sharp  instrument.  The  catalin  model  was  Toughed  out 
with  a  band  saw  to  within  2  mm.  of  the  tracing.  Then,  with  a  rotor  file,  the 
model  was  filed  to  within  less  than  1  mm.  of  the  tracing.  Using  a  hand  file 
and  fine  Swiss  files,  the  exact  outline  of  the  catalin  model  was  established. 
Three  layers  of  masking  tape  were  placed  on  the  tooth-contacting  surface  of  the 
catalin  model  to  simulate  the  slight  elasticity  of  dentin. 

Each  photoelastic  model  was  tested  immediately  after  it  was  made.  This 
procedure  was  necessary  because  lines,  similar  to  stress  fringes,  develop 
around  the  periphery  of  the  catalin  model  shortly  after  the  model  is  made. 
The  development  of  lines  around  the  periphery  of  the  photoelastic  material  is 
called  time  edge  effect.  If  more  than  one  photoelastic  model  were  made  in 
advance  of  the  testing  procedure,  time  edge  effect  would  occur  in  those  models 
tested  last. 


Fig.  5. — Catalin  model  in  matrix  ready  for  testing. 


The  Matrix  for  the  Model. — A  U-shaped  holder,  slightly  larger  than  the 
mesial-distal  length  of  the  catalin  model  of  the  filling,  was  prepared  from  a 
similar  piece  of  catalin.  The  catalin  model  was  seated  in  the  holder,  the  model 
and  holder  placed  between  two  glass  slabs,  and  the  entire  gi*ouping  held  together 
in  a  vice.  Wooden  blocks  were  placed  between  the  glass  slabs  and  jaws  of  the 
vice  to  prevent  the  glass  from  breaking.  S.  S.  White  low-fusing  metal  (160®  F.) 
was  then  poured  into  the  mold  formed  by  the  glass  slabs,  the  catalin  model,  and 
the  holder.  After  the  metal  had  solidified,  its  free  surface  was  flattened  and 
squared  so  that  the  metal  could  be  seated  firmly  on  the  platform  of  the  loading 
frame  in  the  polariscope  (Fig.  5). 
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Testing  the  Photoelastic  Model. — The  polariscope  used  in  this  study  con¬ 
sisted  of  the  following:  parts:  (1)  Light  source:  The  light  source  consisted  of 
a  double  band  of  green  fluorescent  lights  in  a  plywood  box.  The  box  had  a 
round  opening  twelve  inches  in  diameter  to  emit  the  light.  (2)  Color  filter :  This 
filter  was  a  transparent,  green  disk  which  covered  the  round  opening  in  the 
pl\'\4'ood  box.  The  disk  filtered  out  all  light  outside  a  600  A  band  near  5,461  A. 
(3)  Polarizing  filter:  This  filter  screened  out  all  light  from  the  light  source 
except  light  waves  which  vibrated  vertically.  (4)  First  quarter  wave  plate: 
This  plate  converted  the  vertical  polarized  light  to  circular  polarized  light  so 
that  the  results  of  the  test  would  be  nondirectional  in  nature.  (5)  Loading 
frame  and  the  mechanism  for  applying  the  load  to  the  model:  The  platform 
was  adjustable  and  could  be  arranged  so  that  the  photoelastic  model  could  be  in 
the  middle  of  the  field  when  viewed  through  the  analyzer.  The  mechanism  for 
applying  the  load  was  a  lever  arm  on  which  a  transverse  cylindrical  bar  was 
mounted.  The  load  was  applied  to  the  model  at  the  point  where  the  cylinder 
contacted  the  model.  The  lever  arm  was  above  the  model,  and  the  cylinder  was 
on  the  bottom  of  the  lever  arm.  The  model  and  matrix  could  be  adjusted  from 
side  to  side  on  the  platform  so  that  the  load  could  be  applied  at  any  point  on  the 
model.  The  lever  arm  was  pivoted  at  one  end.  The  load  was  applied  to  the 
free  end  of  the  lever  arm  by  means  of  weights.  (6)  Second  (luarter  wave  plate: 
This  plate  reconverts  the  circular  polarized  light  back  to  vertical  polarized 
light.  (7)  Analyzer:  This^filter  transmits  only  light  vibrating  in  a  horizontal 
plane. 

In  this  study  we  used  monochromatic  light  of  5,461  A  wave  length  (green). 
Monochromatic  light  was  used  imstead  of  white  light  because  it  gives  sharper 
and  more  definite  stre.ss  patterns. 

A  copy  camera  with  a  Zeiss  Apo-Te.ssar  lens  was  used.  The  lens  had  a  focal 
length  of  45  cm.  The  diaphragm  opening  was  f-16.  Super  Panchro-Press, 
type  B,  film  was  used.  A  one-second  exposure  time  was  used. 

The  matrix  with  the  catalin  model  was  placed  on  the  platform  of  the 
loading  frame  in  the  polariscope  and  was  loaded  first  on  the  mesial  pit  of  the 
model.  The  picture  was  taken  with  this  load  (163.5  pounds),  which  was  then 
removed  as  quickly  as  possible,  and  the  residual  stresses  were  allowed  to  creep 
out  of  the  model.  The  load  was  again  applied  in  the  same  manner  to  the  crest 
of  the  triangular  ridge  just  distal  to  the  mesial  pit.  Another  picture  was  taken. 

When  the  catalin  models  were  subjected  to  stress,  the  fringe  orders  were 
counted  at  three  different  points:  (1)  on  the  pulpal  wall  just  distal  to  the 
pulpal-axial  line  angle.  Point  A,  (2)  at  the  pulpal-axial  line  angle,  Point  B, 
and  (3)  on  the  axial  wall  slightly  to  the  gingival  of  the  pulpal-axial  line  angle. 
Point  C.  From  the  beginning  of  one  bright  line  to  the  beginning  of  the  next 
bright  line  in  the  photographs  is  termed  a  “fringe.”  The  fringe  order  at  a 
point  is  the  number  of  the  fringe  at  the  point  counting  from  a  j)oint  at  which 
the  stress  is  zero.  The  fringe  order  is  directly  proportional  to  shear  stress 
in  the  model. 
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After  the  photographs  were  made,  the  fringe  orders  were  also  counted  on 
the  photographs.  This  procedure  was  followed  in  order  to  check  ourselves  on 
the  count  made  when  the  models  were  in  the  polariscope. 


DISCUSSION 

Since  this  investigation  was  a  qualitative  study,  the  numbers  in  Tables  I 
and  II  are  valid  only  when  compared  with  numbers  in  these  tables  or  another 
study  exactly  like  this  one.  The  numbers  mean  nothing  so  far  as  quantitative 
measurements  are  concerned.  It  should  be  remembered  that  we  are  trying  to 
determine  which,  if  any,  of  the  principles  tested  would  aid  in  reducing  the 
stresses  in  a  restoration  placed  in  a  Class  II  cavity  preparation.  It  should 
also  be  pointed  out  that  in  this  study  we  were  working  with  materials  which 
are  unlike  those  found  in  human  teeth  (dentin  and  enamel)  in  that  they  are 
homogeneous,  isotropic,  and  elastic. 


Table  I 

Load  Applied  on  Mesial  Pit 


PULPAL- 

PULPAL 

• 

AXIAL 

MODEL 

WALL 

AXIAL 

PULPAL 

LINE 

NO. 

STRESS 

UNES 

NO. 

DEATH 

WALL 

WALL 

ANGLE 

A 

1  B 

1  c 

1 

sh 

V 

h 

sq 

9 

4 

3 

2 

d 

V 

h 

sq 

6 

4 

4 

3 

sh 

V 

h 

r 

6 

7 

6 

4 

d 

V 

h 

r 

5 

3 

5 

5 

sh 

V 

si 

sq 

4 

5 

6 

6 

d 

V 

si 

sq 

3 

3 

4 

7 

sh 

V 

si 

r 

4 

1 

6 

8 

d 

V 

si 

r 

3 

5 

7 

9 

sh 

si 

h 

sq 

5 

5 

1 

10 

d 

si 

h 

sq 

2 

1 

0 

11 

sh 

si 

h 

r 

4 

1* 

1 

12 

d 

si 

h 

r 

0 

0 

1 

13 

sh 

si 

si 

sq 

1 

1 

2 

14 

d 

si 

si 

sq 

1 

3 

4 

15 

sh 

si 

si 

r 

1 

3 

6 

16 

d 

si 

si 

r 

1 

3 

6 

Key : 

8h — shallow  (10  mm.). 
<1 — deep  (15  mm.). 

V — vertical, 
h — horiiontal. 
si — sloping, 
sq — square, 
r — rounding. 

•May  be  In  error. 


ShaJlow  Versus  Deep  Occlusal  Steps. — In  general,  the  cavity  pivparations 
with  the  shallow  occlusal  step  permitted  greater  stre.ss  to  develop  than  did  those 
cavity  preparations  with  the  deep  occlusal  step  (Fig.  6).  The  difference 
between  the  shallow  and  deep  occlusal  step  preparations  was  particularly  notice¬ 
able  when  the  load  was  applieil  on  the  transverse  ridge  of  the  oeelusal  surface. 

A  study  of  Tables  I  and  II  revinils  that,  regardless  of  occlusal  depth,  when 
the  load  was  applied  in  the  mesial  pit  of  the  occlusal  surface,  a  lower  fringe 
order  developed  at  Points  A,  B,  and  than  when  the  load  was  applieil  on  the 
transverse  ridge  of  the  occlusal  surface.  The  photographs  also  showed  that 
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when  the  load  was  applied  in  the  mesial  pit  more  stress  was  thrown  onto  the 
gingival  wall,  with  a  higher  fringe  order  developing  in  the  gingival  region  of 
the  restoration. 

It  is  apparent  that  greater  depth  of  filling  material  allows  for  a  better 
distribution  of  stress  in  the  restoration.  The  infiuence  of  bulk  of  filling  material 
and  point  of  load  application  will  also  be  noted  rather  pointedly  when  other 
principles  are  discussed. 

Table  II 

Load  Applied  on  Transverse  Ridge 


MODEL 

NO. 

rULPAI. 

WALL 

DEATH 

AXIAL 

WALL 

_  ^ 

PULPAL 

1  WALI, 

PULPAL- 

AXIAL 

LINE 

ANGLE  1 

NO. 

A 

STRESS  LINES 

1  B  1  C 

1 

V 

h 

sq 

10 

5 

3* 

2 

d 

V 

h 

sq 

7 

7 

3 

a 

«h 

y 

h 

r 

11 

6 

6 

4 

d 

V 

h 

r 

7 

5 

3 

5 

Hh 

V 

sl 

sq 

.3 

5 

6 

a 

d 

V 

si 

sq 

1 

3 

4 

7 

hK 

\ 

sl 

r 

1 

4 

6 

8 

d 

V 

sl 

r 

2 

4 

5 

9 

sh 

si 

h 

sq 

18 

11 

1 

10 

d 

si 

h 

sq 

8 

6 

0 

11 

Hh 

si 

h 

r 

14 

12 

2 

12 

d 

si 

h 

r 

6 

6 

1 

U 

Hh 

si 

sl 

sq 

6 

3 

2 

14 

d 

si 

sl 

sq 

1 

3 

4 

15 

Hh 

si 

sl 

r 

6 

O 

8 

16 

d 

si 

sl 

r 

1 

4 

7 

Key : 

■h — shallow  (10  min.), 
d — deep  (15  mm.). 

V — vertical, 
h — horizontal, 
si — sloping, 
sq — square, 
r — rounding. 

♦May  be  In  error. 


Rounding  and  Sloping  Axial  Walls  Vers^us  Vertical  Axial  Walls. — It  appears 
from  Table  I  that  rounding  and  sloping  the  axial  wall  are  beneficial  because 
there  is  a  great  reduction  in  the  fringe  ortler  in  the  test  models.  Among  the 
factors  which  were  responsible  for  this  reduction  of  stivss  were  the  point  of 
load  application  and  the  position  of  the  pulpal-axial  line  angle.  Sloping  and 
rounding  the  axial  wall  of  the  cavity  preparation  placed  the  pulpal-axial  line 
angle  farther  away  from  the  load  VHiint  (mesial  pit),  and  there  was  nothing  to 
interfere  with  the  distribution  of  stress  between  the  load  point  and  the  gingival 
wall  of  the  cavity  preparation.  * 

Fix)m  Table  II,  it  can  be  seen  that  rounding  and  sloping  the  axial  wall  was 
much  less  beneficial.  In  these  specimens  higher  stress  was  induced  in  the  pulpal- 
axial  line  angle  area  (Points  A  and  B)  because  sloping  the  axial  wall  placed  the 
pulpal-axial  line  angle  directly  beneath  the  point  of  load  application.  WThenever 
a  load  is  placed  directly  over  an  angle,  the  stress  tends  to  be  concentrated  at  the 
angle. 

It  should  be  mentioned  that  rounding  and  sloping  the  a.xial  wall  of  the 
cavity  preparation  could  Ik‘  a  hazardous  undertaking  and  an  undesirable  one 
from  the  standpoint  of  pulpal  exposure. 
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Rounding  and  Sloping  Versus  Horizontal  Pulpal  Walls. — Roimding  and 
sloping  the  pulnal  wall  consistently  produced  the  best  general  distribution  of 
stress.  As  can  be  seen  from  Tables  I  and  II,  the  amount  of  stress  was  reduced 
Tn  almost  every  case  where  the  rounding  and  sloping  pulpal  wall  was  used, 
instead  of  leaving  the  pulpal  wall  flat. 


A.  B. 


KIg.  6. — Photographs  of  catalin  models  showing  fringe  patterns  which  developed  with 
occlusai  step  depths  of  10  mm.  (A)  and  15  mm.  (B).  In  both  models  the  pulpal  and  axial 
walls  of  the  cavity  preparation  were  flat,  the  pulpal-axial  line  angle  was  square,  and  the  load 
was  applied  in  the  mesial  pit. 


A.  B. 

Fig.  7. — Photographs  of  tlie  same  catalin  model  showing  fringe  patterns  which  lieveloped 
when  load  was  applied  In  mesial  pit  (A)  and  on  transverse  ridge  (B).  In  both  models  the 
occlusal  step  was  deep  (15  mm.),  the  pulpal  wall  was  rounded  and  sloping,  the  axial  wall 
horizontal,  and  the  pulpal-axial  line  angle  rounded. 

It  will  be  noted  in  Table  II  that  there  was  a  dramatic  reduction  in  stress 
when  the  pulpal  wall  was  sloped  and  rounded,  as  compared  with  leaving  it 
horizontal  (Fig.  7).  It  is  our  opinion  that  this  marked  reduction  in  stress  is 
due  to  the  fact  that  rounding  and  sloping  the  pulpal  wall  of  the  Class  II  cavity 
preparation  provide  for  a  greater  thickness  of  Ailing  material  and  a  better 
distribution  of  stress  at  a  point  where  it  is  needed. 

Round  and  Square  Fulpal-Axial  lAne  Angles. — In  some  cases  where  the 
pulpal-axial  line  angle  was  rounded  there  was  a  reduction  of  stress  (Tables  I  and 
II).  However,  the  amount  of  stress  reduction  is  not  significant.  The  difference 
in  the  fringe  orders  is  so  small  and  inconsistent  that  there  can  be  no  conclusion 
drawn  except  that  just  rounding  the  nulnal-axial  line 
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SUMMARY  AND  CONCLUSIONS 

1.  A  method  is  suggested  for  studying  the  stress  patterns  which  are 
induced  in  the  restoration  as  the  result  of  different  Class  II  cavity  preparations. 

2.  Mesiodistal  cross  sections  of  Class  II  cavity  preparations  with  flat  pulpal 
walls,  flat  axial  walls,  rounded  and  sloping  pulpal  w^alls,  rounded  and  sloping 
axial  walls,  square  pulpal-axial  line  angles,  round  pulpal-axial  line  angles, 
shallow  occlusal  steps  (10  mm.),  and  deep  occlusal  steps  (15  mm.)  were  studied 
in  various  combinations.  Each  principle  was  tested  eight  different  times. 

3.  There  was  less  concentration  of  stress  and  thus  a  better  distribution  of 
stre.ss  in  those  restorations  placed  in  cavity  preparations  which  allowed  for  a 
greater  depth  of  the  filling  material  (deep  occlusal  steps  and  rounded  and  slop¬ 
ing  pulpal  walls). 

4.  Rounding  and  sloping  the  axial  wall  did  not  consistently  reduce  stress 
in  the  restoration.  Because  of  the  possibility  of  pulpal  involvement,  this 
procedure  is  not  recommended  for  Class  II  cavity  preparations. 

5.  The  point  of  load  application  has  a  definite  bearing  on  the  stress  patterns 
induced  in  the  restoration.  The  farther  away  from  the  pulpal,  axial,  and  gingival 
cavity  walls  the  load  is  applied,  the  less  will  be  the  stress  around  these  cavity 
walls. 

6.  Slight  rounding  of  the  pulpal-axial  line  angle  had  little  effect  in  reducing 
stress  in  the  filling  regardless  of  the  point  of  load  application.  These  results 
support  previous  findings  that  rounding  the  pulpal-axial  line  angle  had  little 
effect  in  increasing  the  resistance  of  the  restoration  to  fracture.  Nevertheless, 
rounding  the  pulpal-axial  line  angle  is  recommended  because  this  procedure 
provides  for  a  slight  increase  in  the  thickness  of  the  filling  material,  and  because 
there  is  more  concentration  of  stress  around  an  acute  angle. 

7.  There  was  a  marked  reduction  of  stress  when  the  pulpal  wall  was 
rounded  and  sloped.  These  findings  also  support  the  results  of  the  investiga¬ 
tion  referred  to  previously  in  which  it  was  shown  that  when  the  pulpal  wall  of 
the  Class  II  cavity  was  rounded  and  sloped,  the  resistance  of  the  silver  amalgam 
restoration  to  fracture  was  markedly  increased.  Therefore,  rounding  and 
sloping  the  pulpal  wall  of  the  Class  II  cavity  preparation  are  recommended 
as  a  most  desirable  procedure. 
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TIME  STUDIES  OF  THE  PENETRATION  OF  EXTRACTED  HUMAN 
TEETH  BY  RADIOACTIVE  NICOTINAMIDE,  UREA,  THIOUREA, 

AND  ACETAMIDE 

I.  Diffuse  Penetration  From  the  Enamel  Surface 
W.  W.  WAINWRIGHT,  D.D.S.,  M.S.* 

Eadiobiology  Section,  Los  Alamos  Scientific  Laboratory  of  the  University  of  California, 

Los  Alamos,  N.  M. 

The  availability  of  radioisotope-labeled  compounds  has  greatly  extended 
the  possibility  of  studying  the  permeability  of  dental  structures  (Bartel- 
stone  1950,  Leicester  1949).  The  finding  of  a  rapid  diffuse  penetration  of  in¬ 
tact  enamel  by  C^Mabeled  urea  (Wainwright  and  Lemoine  1950)  has  sug¬ 
gested  further  studies  of  the  time  of  penetration  of  C**-urea  and  other  labeled 
compounds. 

Freshly  extracted  teeth  and,  in  some  cases,  formol-fixed  teeth  were  super¬ 
ficially  dried  with  absorbent  paper  and  air  blast  and  embedded  directly  in 
Selectron  (Wainwright  1949B).  The  surface  to  be  treated  was  exposed  with 
a  round  bur  and  the  tooth  immersed  in  distilled  water  until  used.  Solutions 
of  the  isotope-labeled  compounds  were  prepared  so  that  the  activity  was  ap¬ 
proximately  1  me.  per  milliliter. t  Approximately  0.02  ml.  of  labeled  solution 
was  placed  on  the  exposed  surface,  and  the  tooth  was  placed  in  a  humid  at¬ 
mosphere  at  room  temperature.  The  teeth  treated  with  C“-acetamide  were 
placed  in  a  humid  atmosphere  which  was  maintained  at  37°  C.,  as  suggested 
by  Jarabak  (1941). 

Upon  removal  from  the  humidifier,  part  of  the  excess  solution  was  re¬ 
covered  by  washing  the  surface  with  a  stream  of  approximately  15  ml.  distilled 
water  within  thirty  seconds.  The  teeth  were  sectioned  and  surfaced  under 
oil  (Wainwright  and  Lemoine  1950).  The  radioactivity  of  the  treated  speci¬ 
mens  was  about  2,000  to  3,000  CPM.  Survey  radioautographs  (Wainwright 
1949A)  were  made  with  a  constant  exposure  of  four  days. 

The  labeled  compounds  were  synthesized  by  A.  R.  Ronzio,  A.  Murray,  III, 
and  C.  W.  Bills  (1947,  1949,  and  1950),  and  supplied  by  the  Bio-Medical  Re¬ 
search  Group  of  the  Los  Alamos  Scientific  Laboratory.  The  compounds  were 
synthesized  with  carbon’*  and  sulfur®®  obtained  on  allocation  from  the  Isotope 
Division  of  the  Unites  States  Atomic  Energy  Commission. 

C‘*-Nicotinamide, — Labeled  nicotinamide  offers  the  possibility  of  testing 
the  penetration  of  an  organic  substance  which  can  occur  normally  in  the  mouth. 
Table  I  gives  the  time  of  exposure  to  the  solution  and  the  extent  of  diffuse 

This  document  is  based  on  work  performed  under  United  States  Government  Contract  No. 
W-7405-EnK-36  with  the  Los  Aiamos  Scientific  Laboratory  of  the  ITniversity  of  California. 
Presented  before  the  First  District  Dentai  Society  of  New  York;  Nov.  6,  1950. 

Received  for  pubiication.  Sept.  26,  1053. 

•Present  address;  University  of  Southern  California  Sohooi  of  Dentistry. 
tThe  specific  activities  were:  nicotinamide,  35  mc  per  miiligram;  urea,  55.6  mc  per  milli¬ 
gram  ;  thiourea,  4  itc  per  miliigram ;  acetamide,  50  sc  per  milligram. 
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Table  I 

DirtrsE  Penetratiun  ok  Knamel  by  Carbonic-Labeled  Nicotinamide 
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penetration  as  measured  on  the  radioautographs.  Ten  specimens  are  described 
from  one  fresh  tooth  and  four  formol-fixed  teeth.  Only  lamellae  or  defects 
in  the  enamel  were  penetrated  until  the  seventy-nine-minute  specimen.  In 
this  specimen  penetration  was  detected  through  the  entire  enamel,  while  in  the 
three-day  specimen,  penetration  proceeded  1.4  mm.  into  thj  dentin  as  well. 

Typical  radioautographs  and  the  respective  specimens  are  pictured  in 
Fig.  1.  The  first  radioautograph  shows  a  faint  surface  uptake.  Greater  sur¬ 
face  uptake  and  penetration  of  carious  enamel  are  seen  in  the  thirty-  and 
sixty-minute  radioautographs,  while  the  three-day  radioautograph  shows  dif¬ 
fuse  and  deep  penetration. 

C‘*-Urea. — The  distances  penetrated  by  radioactive  urea  are  given  in 
Table  II  for  sixteen  specimens  from  four  formol-fixed  teeth.  The  twenty- 
minute  specimens  showed  diffuse  penetration  through  0.5  mm.  of  enamel.  The 
distance  increased  with  time  until  by  one  day,  1.3  mm.  of  enamel  and  3.1  mm. 
of  dentin  were  penetrated. 

Typical  radioautographs  are  shown  in  Fig.  2  for  specimens  exposed  to 
the  solution  for  periods  of  thirty-nine  minutes  to  two  days.  The  progress  of 
the  urea  is  readily  followed  in  the  successive  radioautographs.  In  the  two- 
day  radioautograph,  the  radioactive  urea  streaks  toward  the  dentin  appar¬ 
ently  along  the  bands  of  Schreger.  Exposed  cervical  dentin  is  seen  to  be  pene¬ 
trated  in  the  one-  and  two-day  radioautographs.  The  latter  shows  a  dense 
band  of  penetration  to  the  pulp  chamber. 

S^^-Thiourea. — A  compound  closely  related  chemically  to  urea  wdth  the 
same  extreme  solubility,  and  offering  the  advantage  of  being  labeled  by  a 
different  isotope  is  sulfur®®-labeled  thiourea.  Although  thiourea  cannot  be 
used  for  oral  therapy  as  it  is  a  readily  absorbed  thyrotoxin,  for  in  vitro  ex¬ 
periments  it  is  very  useful  for  tests  of  enamel  permeability.  Nine  unfixed 
teeth  were  treated  with  this  compound.  The  extent  of  penetration  in  the 
seventeen  specimens  is  described  in  Table  III.  Slight  uptake  on  the  enamel 
surface  was  noted  in  the  radioautographs  of  the  six-  and  seven-minute  speci¬ 
mens.  In  all  other  specimens,  with  times  of  exposure  to  the  solution  of  thirty- 
four  minutes  to  four  days,  there  was  penetration  at  some  point  to  the  dento- 
enamel  junction  or  beyond.  In  the  thirty-four-minute  samples  this  occurred 
through  1.1  mm.  of  enamel. 

The  representative  radioautographs  of  Fig.  3  illustrate  the  remarkable 
penetrating  properties  of  this  compound.  The  first  shows  a  surface  uptake 
within  seven  minutes,  while  the  thirty-four-minute  radioautograph  and  all 
the  others  show  a  broad  diffuse  penetration  of  enamel.  In  the  sixty-minute 
and  one-day  radioautographs  there  are  dark  streaks  through  the  enamel  which 
suggest  great  concentrations  in  lamellae. 

C‘*-Acetamide. — A  product  of  protein  metabolism  closely  resembling  urea 
is  acetamide.  Its  chemical  structure  is  related  to  urea,  and  it  is  highly  soluble. 
The  synthesized  compound  was  labeled  with  C**  in  the  carbamide  group.  The 
distances  penetrated,  at  37°  C.,  in  the  enamel  of  ten  specimens  from  five  freshly 
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Table  III 

DiEFfSE  Penetration  of  Enamel  by  Sulfur^s-Labeled  Thiourea 
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extracted  teeth  are  listed  in  Table  IV.  Within  seven  minutes  an  uptake  was 
noted  on  the  surface  of  the  enamel.  After  thirty-four  minutes,  penetration 
had  occurred  through  the  dentoenamel  junction  and  1.4  mm.  into  the  dentin. 
This  rapid  diffuse  penetration  was  found  in  greater  degree  in  the  sixty-minute 
and  three-day  specimens. 


Time  in  30  min.  60  min.  1  day  2  days 

Humidifier 

Fig.  2. — Diffuse  penetration  of  intact  enamel  by  carbon*'*-labeietl  urea  is  rapid.  The 
dentoenamel  Junction  was  reached  (0.7  mm.)  in  39  minutes  in  the  first  specimen.  In  the  2- 
day  specimen  the  urea  penetrated  to  the  pulp  through  the  exposed  cervical  dentin.  The  time 
in  the  humidifier  does  not  Include  the  time  used  in  sectioning.  The  total  time  for  each  speci¬ 
men  is  given  In  Table  II. 

(30  min.;  Spec.  985,  Neg.  15128:  R.A.— A730.  Neg.  15199. 

60  min.  ;  Spec.  989,  Neg.  15115:  R.A.— A732.  Neg.  15198. 

1  day  :  Spec.  984,  Neg.  15130:  R.A.— A729.  Neg.  15200. 

2  (lays:  Spec.  982,  Neg.  15131:  R.A. — A735,  Neg.  15201.) 


Fig.  4  shows  typical  radioautographs  with  times  of  penetration  of  thirty- 
four  minutes,  seventy  minutes,  and  three  days.  All  the  radioautographs  show 
a  deep  diffuse  penetration  through  the  enamel  into  the  dentin.  The  areas 
penetrated  are  broader  in  the  longer  periods  of  exposure  to  the  acetamide. 
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Diffi'se  Penetration  or  Enamel  by  Carbon i*-Labeled  Acetamide 
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CHROMATOGRAPHIC  IDENTIFICATION  OF  THE  UREA  MOLECULE  AFTER  PENETRATION 

As  pointed  out  by  Manley  (1950),  the  possibility  exists  that  the  urea 
molecule  is  split  on  the  surface  of  the  enamel,  and  the  substance  penetrating 
could  be  carbonate  ion.  The  radioautograph  records  only  the  radiations  from 
the  atom  and  does  not  detect  the  urea  molecule  as  such.  To  identify  the 
penetrated  material,  dentin  was  cut  from  two  teeth  which  had  been  treated 
on  the  enamel  surface  with  C‘*-urea.  Water  extracts  of  the  dentin  were  placed 
on  chromatogram  strips  and  control  strips  run  with  the  original  C*^-urea  solu¬ 
tion.  The  results,  seen  in  Fig.  5,  are  identical  for  each  of  the  four  strips,  indi¬ 
cating  that  it  is  the  urea  molecule  which  penetrated  into  the  dentin.  Carbonate 
would  have  traveled  a  very  much  shorter  distance  on  the  strip. 


Time  in  30  min.  60  min.  3  days 

Humidifler 

Fig.  4. — Diffuse  penetration  of  intact  enamel  by  carbon‘*-labeled  acetamide  proceeds 
rapidly.  In  the  3  4 -minute  specimen  the  acetamide  has  penetrated  the  enamel  and  two-thirds 
of  the  thickness  of  dentin.  The  time  in  the  humidifler  does  not  include  the  time  used  in 
sectioning.  The  total  time  for  each  specimen  is  given  in  Table  IV. 

(30  min.:  Spec.  1290,  Neg.  15257;  R.A.— B157,  Neg.  15177. 

60  min.:  Spec.  1292,  Neg.  15269;  R.A.— B160.  Neg.  15173. 

3  days;  Spec.  1293,  Neg.  15262;  R.A.— B169,  Neg.  15255.) 


DISCUSSION 

Confirmation  of  the  rapid  diffuse  penetration  of  grossly  intact  enamel  by 
urea  and  the  finding  of  this  property  in  nicotinamide,  thiourea  (a  toxic  sub¬ 
stance  not  suitable  for  oral  use),  and  acetamide  make  possible  a  new  concept 
of  the  types  of  posteruptive  changes  in  the  intact  tooth.  If,  to  this  information, 
there  can  be  added  in  vivo  observations  and  studies  with  labeled  proteins  and 
other  large  molecules  normally  concerned  in  tooth  metabolism,  a  more  definite 
understanding  may  be  achieved  of  the  physiologic  as  well  as  physical  and 
chemical  processes  occurring  in  enamel. 
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The  finding  that  a  large  number  of  substances  (Wainwright  1951)  pene¬ 
trate  minute  enamel  defects,  such  as  caries,  cracks,  and  lamellae,  and  exposed 
dentin,  and  yet  do  not  show  the  property  of  diffuse  penetration,  emphasizes 
the  concept  of  enamel  vulnerability.  The  latter  studies  showed  a  great  inci¬ 
dence  of  defects  and  emphasized  the  fact  that  teeth  have  many  open  pathways 
for  the  entrance  of  damaging  agents.  Thus  the  picture  unfolds  of  several 
levels  of  physical,  chemical,  and  physiologic  change  in  enamel,  dentin,  and 
cementum.  These  levels  are  determined  by  the  properties  of  the  dental  tissues 
themselves  as  well  as  the  electrical,  chemical,  and  physical  properties  of  the 
substances  in  the  environment  of  the  tooth. 


Pig.  5. — Chromatographic  Identlfloatlon  of  the  urea  molecule  In  dentin  extracts  after  enamel 

penetration. 

Recent  histologic  investigations  of  enamel  lamellae  have  presented  evi¬ 
dence  for  their  contents  being  of  cellular  origin  ((lottlieb  1947);  “pseudo¬ 
lamellae”  are  described  as  being  the  pathway  of  deep  penetration  of  caries 
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(Frisbie,  Nuckolls,  and  Saunders  1944) ;  or  as  arising  from  traumatic  cracks 
in  the  enamel  (Sognnaes  1950).  The  difficulty  of  interpreting  evidence  from 
ground  sections  alone  is  cited  by  Bodecker  and  Lefkowitz  (1937)  and  Berggren 
(1947).  These  authors  also  noted  the  prominent  role  of  the  bands  of  Schreger 
in  distributing  dyes  in  the  enamel.  Clarification  of  the  nature  and  functions 
of  these  structures  as  well  as  the  pathways  of  diffuse  penetration  may  also 
solve  the  problems  of  enamel  physiology  and  pathology. 

SUMMARY 

1.  Rapid  diffuse  penetration  of  grossly  intact  enamel  by  isotope-labeled 
solutions  of  nicotinamide,  urea,  thiourea,  and  acetamide  was  determined  radio- 
autographically  in  twenty-three  extracted  human  teeth. 

2.  Eight  of  the  teeth  were  formol  fixed.  No  effect  of  fixation,  age,  sex, 
or  tooth  location  was  observed. 

3.  Nicotinamide  penetration  was  the  slowest.  The  earliest  diffuse  pene¬ 
tration  observed  was  through  0.4  mm.  of  enamel  within  seventy-nine  minutes. 

4.  Urea,  thiourea,  and  acetamide  penetrated  more  rapidly.  Urea  pene¬ 
trated  one-half  the  thickness  of  the  enamel  (0.5  mm.)  within  twenty  minutes. 
Thiourea  (a  toxic  substance  not  suitable  for  oral  use)  and  acetamide  pene¬ 
trated  the  entire  thickness  of  the  enamel  (1.1  and  0.3  mm.,  respectively)  within 
thirty-four  minutes. 

5.  After  a  slightly  longer  period,  all  four  compounds  penetrated  the  dento- 
enamel  junction  at  intervals  and  went  into  the  dentin.  In  a  few  teeth  the 
pulp  was  reached. 

6.  Chromatographic  examination  of  dentin  extracts  from  two  teeth,  to 
the  enamel  surfaces  of  which  C^*-urea  had  been  applied,  identified  the  com¬ 
pound  which  penetrated  as  the  urea  molecule. 

The  suggestions  of  Dr.  Wright  Langham,  leader,  Bio-Medical  Besearch  Group,  Dr. 
Thomas  L.  Shipman,  leader,  Health  Division,  and  Dr.  John  H.  Manley,  technical  associate 
director,  Los  Alamos  Scientific  Laboratory,  have  been  essential  to  the  conduct  of  the  in¬ 
vestigation.  Dr.  Howard  Belgorod,  Dental  Clinic,  Los  Alamos  Medical  Center,  has  assisted 
generously  and  inspired  the  author  in  all  phases  of  the  study.  Grateful  acknowledgment 
is  made  to  Dr.  Anthony  R.  Ronzio,  Arthur  Murray,  III,  and  C.  W.  Bills,  who  prepared  the 
isotope-labeled  compounds,  and  to  Miss  Agnes  Williams  who  prepared  the  radioautographs. 
Teeth  were  supplied  through  the  cooperation  of  the  Dental  Staff  of  the  Los  Alamos  Medi¬ 
cal  Center:  Drs.  Melvin  Morrow,  director,  Nathan  Peretzman,  Howard  Belgorod,  F.  A. 
Lemoine,  I.  R.  Quijada,  Harold  Barrie,  and  Charles  Paraskis. 

The  Cl*  and  S»5  were  obtained  on  allocation  from  the  Isotopes  Division  of  the  United 
States  Atomic  Energy  Commission. 
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CHANGES  IN  THE  TEETH  AND  JAWS  OF  NEONATAL  WEBSTER  MICE 
AFTER  ADMINISTRATION  OF  NaF  AND  CaF^  TO  THE  FEMALE 
PARENT  DURING  GESTATION 

HAROLD  8.  FLEMING  AND  VAL  S.  GREENFIELD 
(From  the  Department  of  Pathology,  Yale  University  School  of  Medicine,  New  Haven,  Conn.) 

INTRODUCTION 

SEVERAL  studies  have  shown  that  certain  concentrations  of  fluoride  appear 
capable  of  passing  through  placental  membranes.®’  In  view  of  this 
fact,  results  of  fluoride  administration  during  pregnancy,  as  reflected  in  the 
teeth  or  adjacent  structures  of  the  newborn  child  or  animal,  should  be  of  in¬ 
terest.  It  is  the  purpose  of  this  paper  to  report  findings  as  seen  in  certain 
teeth  of  neonatal  Webster  mice  following  administration  of  NaF  and  CaF2, 
in  selected  dilutions,  to  the  female  parents. 

Reports  in  the  literature  on  the  specific  effects  of  fluoride  administered 
during  the  gestation  period  of  the  female  parent  are  lacking.  Studies  such 
as  those  of  Hicks®  on  the  administration  of  metabolic  inhibitors  during  gesta¬ 
tion  have  usually  been  concerned  with  structures  other  than  the  teeth.  The 
recent  work  of  Kreshover  and  Clough®  approaches  the  problem  of  prenatal  in¬ 
fluences  on  tooth  development  by  inducing  maternal  pyrexia. 

MATERIALS  AND  METHODS 

In  order  to  have  a  large  number  of  dated,  pregnant  mice  available  for 
these  experiments,  fifteen  breeding  cages  and  jars  were  organized  with  young 
adult  Webster  mice  in  rooms  at  a  constant  temperature  of  75°  F.  One  male 
was  allotted  to  every  three  or  four  females.  Upon  daily  examination,  females 
with  vaginal  plugs  were  placed  in  other  quarters,  and  new  young  adult  females 
were  added  to  the  breeding  units.  In  instances  where  there  seemed  to  be  an 
absence  of  pregnancies,  males  and  females  were  exchanged  for  new  animals. 
In  this  manner  a  study  was  conducted  on  245  pregnancies  in  which  the  animals 
received  fluorides  (eighty  mice  receiving  NaF  via  drinking  water,  fifty  mice 
receiving  CaFz  via  drinking  water,  sixty  mice  receiving  NaF  via  injection, 
fifty-five  mice  receiving  CaF2  via  injection)  and  on  twenty-five  additional 
pregnancies  that  served  as  controls.  Many  of  the  newborn  animals  were 
devoured  at  birth,  thus  making  an  accurate  count  of  numbers  of  mice  born 
impractical. 

Administration  of  fluorides  was  usually  started  between  the  fifth  and  the 
tenth  days  of  pregnancy,  but  in  some  instances  was  not  given  until  the  fifteenth 
day,  and  on  still  other  occasions,  was  started  immediately  after  observation  of 
the  vaginal  plugs.  Newborn  mice  were  obtained  immediately  after  birth  and 

This  study  was  made  possible  through  a  United  States  Public  Health  Research  Grant. 
Received  for  publication  Sept.  3,  1953. 
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frequently  at  birth.  One  or  two  animals  from  each  litter  were  sacrificed,  and 
the  heads  fixed  in  10  per  cent  formalin,  decalcified,  and  sectioned.  Imbedded 
heads  were  cut  at  6  /*  from  the  snout  tip  at  right  angles  to  the  inferior  border 
of  the  mandible.  Sections  were  stained  with  hematoxylin  and  eosin.  Mandibu¬ 
lar  incisors  were  selected  for  the  illustrations  because  sections  from  this  area 
were  always  more  uniform.  The  effects  on  the  other  teeth,  however,  were  also 
observed. 

Reagent  grades  of  NaF  and  CaFz  were  diluted  1:1,000  (1,000  ppm)  and 
1:50,000  (20  ppm),  and  were  used  for  intraperitoneal  injections  and  drinking 
water,  respectively.  When  injections  were  given,  0.10  c.c.  of  the  1:1,000  solu¬ 
tion  was  administered  daily.  This  was  the  equivalent  of  100  fig  of  NaF  or 
CaF2  per  injection.  Via  drinking  water,  each  pregnant  Webster  mouse  con¬ 
sumed  6  to  8  c.c.  of  solution  daily,  and  sometimes  more.  It  is  estimated  that 
approximately  one-half  of  this  amount  may  have  been  lost  by  waste  and 
evaporation,  so  that  each  mouse  actually  consumed  3  to  4  c.c.  daily.  In  these 
cases,  consumed  fluorides  ranged  from  60  to  80+  fig  daily.  Fluorides  were 
stored  in  polyethylene  flasks  at  10°  C.  Because  CaF2  was  not  completely 
soluble  in  the  1 :1,000  dilution,  it  was  necessary  to  shake  the  container  vigor¬ 
ously  each  time  before  use. 

RESULTS 

The  effect  of  NaF  and  CaF2  on  developing  teeth  in  the  newborn  mouse 
can  be  evaluated  by  studying  Figs.  1  to  8.  Fig.  1  (control)  is  a  horizontal 
section  through  the  right  mandibular  incisor  of  a  neonatal  Webster  mouse 
born  of  an  untreated  parent.  It  is  important  to  note  that  no  cartilage  forma¬ 
tions  are  seen  in  the  bony  structure  that  completely  surrounds  the  tooth,  al¬ 
though  the  heavy  pink  staining  in  this  area  indicates  that  mineralization  and 
calcification  are  not  yet  complete.  Some  of  the  included  cells  give  the  ap¬ 
pearance  of  osteocytes.  They  are,  however,  larger  than,  and  do  not  stain  as 
deeply  as  osteocytes.  The  newly  formed  enamel  has  apparently  been  lost 
through  decalcification,  indicating  a  high  inorganic  content.  The  cytoplasm  of 
the  ameloblasts  is  homogeneous  and  contains  few  vacuoles,  and  the  cell  walls 
are  not  prominent.  They  are  seen  in  higher  magnification  in  Fig.  6.  The 
nuclei  of  these  cells  stain  lightly  with  hematoxylin,  but  the  nucleoli  take  a 
darker  stain.  Cells  of  the  outer  enamel  epithelium  have  formed  a  stratified 
layer  against  the  peripheral  aspect  of  the  ameloblasts.  Tomes ’s  processes  can 
be  observed  along  the  inner  borders  of  the  ameloblasts.  Odontoblasts  along 
the  outer  pulpal  border  are  well  oriented,  and  some  of  their  processes  can  be 
observed  as  they  extend  to  the  dentinoenamel  junction.  Globular  as  well  as 
linear  calcification  is  apparent  in  the  dentin  layer.  Mitotic  figures  are  fre¬ 
quent  in  the  pulpal  area. 

Fig.  2  is  from  a  section  of  a  lower  jaw  of  a  neonatal  mouse  whose  female 
parent  had  NaF  via  drinking  water  during  the  last  ten  days  of  gestation. 
Based  on  a  daily  average  consumption  of  3  to  4  c.c.  of  the  1 :50,(XX)  solution, 
this  parent  consumed  approximately  700  fig  of  NaF.  In  comparison  with  Fig. 
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Fig.  1.  Fig.  •>. 


Fig.  S.  Fig.  4. 


Key  to  symbols: 

A — Ameloblasts,  Art. — Artefact,  B — Bone,  Br.  Bridging  of  dentin,  B.  V. — Blood  vessel. 
Cart. — Cartilage,  C.  W. — Cell  wall,  D — Dentin,  En. — Endothelial  cell,  Er. — Eryt^hrocyte,  Hem. — 
Hemorrhage,  In. — Inclusion,  Ly. — Lymphocyte,  Mi. — Mitotic  figure,  N — Nuclei,  O — Odontoblast, 
T.  P. — Tomes’s  process,  Un.  D. — Uncalcified  dentin,  Un.  E. — ^Uncalclfied  enamel,  Vac. — ^Vacuole. 

Fig.  1. — Control  section,  right  mandibular  incisor  of  neonatal  Webster  mouse.  (X220  ; 
reduced  V4-) 

Fig.  2. — Section  of  right  mandibular  incisor  of  a  neonatal  mouse :  female  parent  received 
NaF  via  drinking  water  for  last  ten  days  of  gestation.  (X220:  reduced  *4.) 

Fig.  3. — Left  mandibular  Incisor  of  newborn  mouse ;  female  parent  received  oral  CaFj 
during  last  ten  days  of  gestation.  (X220:  reduced  %.) 

Fig.  4. — Right  mandibular  incisor  of  newborn  mouse ;  female  parent  received  six  intra- 
peritoneal  injections  of  NaF  during  the  last  week  of  pregnancy.  (X220;  reduced  %.) 
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Fig.  3. 


Fig.  6. 


Fig.  7.  Fig.  8. 

(For  key  to  symbols  see  opposite  page.) 

Fig.  5. — Right  mandibular  incisor  of  newborn  mouse ;  female  parent  received  six  daily 
injections  of  CaFj  during  last  week  of  gestation.  (X220:  reduced 
Fig.  6. — High-power  view  of  Fig.  1.  (X650;  reduced  y^.) 

Fig.  7. — High-power  view  of  Fig.  4.  (X650;  reduced 

Fig.  8. — High-power  view  of  Fig.  5.  (X650:  reduced  %.) 
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1,  considerable  cartilage  is  evident  in  the  structure  surrounding  the  tooth. 
Deep  staining  of  the  enamel  layer  and  its  presence  after  decalcification  in¬ 
dicate  a  low  degree  of  mineralization.  Vacuoles  are  seen  in  the  cytoplasm  of 
the  ameloblasts,  whose  cell  walls  appear  more  definite  than  those  seen  in  Fig.  1. 
The  entire  area  appears  hyperemic,  and  numbers  of  red  blood  cells  in  the  pul- 
pal  area  have  passed  beyond  the  limits  of  the  vessels  in  places  where  the  endo¬ 
thelium  appears  damaged. 

Pig.  3  shows  a  left  lower-jaw  section  of  a  newborn  mouse  whose  female 
parent  received  oral  CaFg  during  the  last  ten  days  of  gestation.  About  700  /ig 
of  CaFz  was  consumed  during  this  period,  which  was  equivalent  to  the  amount 
of  NaF  the  female  parent  received  in  the  previous  instance.  Large  cartilagi¬ 
nous  areas  are  seen  about  the  section  of  the  tooth.  Mineralization  of  enamel  and 
dentin  appears  similar  to  that  seen  in  Fig.  2.  The  pulpal  area  is  hyperemic, 
and  the  endothelium  of  some  of  these  vessels  appears  disrupted.  Here,  too, 
a  number  of  red  blood  cells  lay  outside  the  lumina  of  vessels.  Some  amelo¬ 
blasts  have  begun  to  lose  their  polarity  and  are  not  as  uniform  in  cellular 
structure  as  those  depicted  in  the  control  section  (Fig.  1).  The  cell  walls  of 
the  ameloblasts  appear  more  disorganized  in  this  case  than  those  seen  in  Fig. 

2,  but  there  are  not  as  many  vacuoles.  Staining  of  the  enamel  matrix  in  this 
instance  was  much  deeper  than  in  Fig.  2. 

Fig.  4  is  of  a  section  from  the  right  mandible  of  a  newborn  mouse  whose 
female  parent  received  six  intraperitoneal  injections  of  NaP  during  the  last 
week  of  pregnancy.  Amounts  given  were  0.10  c.c.  per  injection,  making  a  total 
of  600  jjLg  of  NaP.  Again,  considerable  cartilage  is  evident  in  the  supporting 
structure  surrounding  the  tooth.  It  is  also  interesting  to  note  that  there  are 
a  number  of  cartilage  cells  along  the  pulp  periphery,  with  bridging  of  the 
predentin  matrix  with  cartilage-like  formations.  The  pulpal  blood  vessels  do 
not  appear  to  be  as  damaged  as  in  the  previous  treated  cases,  but  here  too,  in 
places,  red  blood  cells  lay  beyond  the  lumina  of  several  of  these  vessels.  In 
addition,  the  lumina  of  several  of  the  main  vessels  are  filled  with  an  eosino¬ 
philic-staining  homogeneous  material  or  exudate  which  could  indicate  a  defi¬ 
cient  blood  supply.  Ameloblasts  have  lost  some  of  their  polarity,  and  their 
cell  walls  appear  distorted,  with  many  vacuoles  appearing  in  the  cytoplasm. 
They  are  seen  in  higher  magnification  in  Fig.  7. 

Fig.  5  is  from  a  section  through  the  right  mandible  of  a  newborn  mouse 
whose  female  parent  received  six  daily  injections  of  CaF2  during  the  last  days 
of  gestation.  Here,  too,  cartilage  is  evident  in  the  structures  surrounding  the 
tooth.  Pulpal  vessels  also  appear  damaged,  which  parallels  observations  in 
other  treated  cases.  There  are  great  numbers  of  red  blood  cells  within  the 
lumina  of  these  vessels.  Some  lymphocytes  are  also  observed  in  the  pulpal 
area.  Ameloblasts  have  many  vacuoles,  and  their  cell  walls  are  disorganized 
(Fig.  8).  Deep  staining  of  the  enamel  matrix  is  indicative  of  its  poor  miner¬ 
alization.  Globular  and  linear  calcification  is  apparent  in  a  portion  of  dentin. 
The  odontoblasts  appear  well  organized. 
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Administration  of  CaP2  and  NaF  during  the  whole  period  of  pregnancy 
seemed  to  cause  resorption  of  the  embryos  or  fetuses.  In  these  cases,  the 
route  of  administration  was  either  by  injection  (0.1  c.c.  of  1:1,000  solution 
daily)  or  via  drinking  water  (3  to  4  c.c.  of  1:50,000  daily).  Because  of  this 
resorption,  administration  of  NaF  and  CaF2  was  usually  delayed  until  the 
last  half  of  the  gestation  period.  It  was  determined  that  the  female  parent 
could  tolerate  1,000  to  1,100  fig  of  NaF  and  600  to  700  /tg  of  CaFz  during  the 
latter  part  of  gestation  without  causing  death  in  utero  or  stillbirths. 

DISCUSSION 

It  has  been  the  objective  of  this  study  to  report  changes  in  teeeth  of  new¬ 
born  Webster  mice  whose  mothers  received  certain  amounts  of  NaF  or  CaF2 
during  the  whole  or  part  of  the  gestation  period. 

The  report  of  Knouflf,  Edwards,  Preston,  and  Kitchen^  is  along  the  same 
lines  as  the  present  investigation.  They  administered  NaF  in  different  dilu¬ 
tions  to  three  pregnant  bitches.  In  the  present  study,  NaF  and  CaF2  were 
administered  via  either  drinking  water  or  injection  to  245  female  Webster 
mice  who  were  at  varying  stages  of  pregnancy.  Thus,  only  to  a  certain  ex¬ 
tent  can  comparison  be  made  between  their  work,^  where  they  administered 
NaF  in  25  ppm  dilution  to  one  bitch  via  drinking  water,  and  the  present  study. 
They  found  no  marked  gross  changes  in  the  fetal  teeth  of  the  pup,  but  they 
did  not  make  histologic  sections  in  this  instance.  In  the  present  study,  where 
certain  groups  of  mice  received  either  NaF  or  CaF2  via  drinking  water  in  20 
ppm  dilutions,  alterations  were  found  in  the  teeth  and  jaws  of  the  newborn 
mouse.  This  could  be  determined  grossly  on  cutting,  as  well  as  histologically 
by  staining.  The  difference  on  gross  examination  was  the  ease  with  which  the 
jaws  could  be  cut,  before  decalcification,  as  compared  with  the  controls.  Re¬ 
tardation  of  the  calcification  of  bone  and  of  tooth  structures  was  consistently 
observed,  with  the  regular  appearance  of  cartilaginous  substances  in  the  areas 
adjacent  to  the  teeth  and  also  within  the  pulp  chambers.  In  addition,  there 
were  structural  changes  in  the  ameloblasts  and  the  appearance  of  cartilage¬ 
like  cells  in  the  pulp  in  places  where  odontoblasts  are  ordinarily  found.  In 
the  instance  of  Knouff,  Edwards,  Preston,  and  Kitchen’s^  experiment,  where 
a  much  larger  dose  of  NaF  caused  abortion,  a  marked  interference  with 
amelogenesis  accompanied  by  relative  increase  in  dentin  formation  was  ob¬ 
served  in  the  molar  teeth.  It  is  difficult  to  estimate  how  much  fluoride  was 
consumed,  for  they  did  not  report  on  the  amounts  of  drinking  water  con¬ 
sumed  daily.  In  the  present  study,  changes  were  observed  histologically  in 
the  structure  of  the  teeth  where  the  female  parents  had  received  between  600 
and  1,000  /ig  of  fluoride  either  by  intraperitoneal  injection  or  via  drinking 
water.  These  daily  doses  were  estimated  to  range  between  60  and  100  fig 
daily.  Glock*  made  significant  observations  on  the  development  of  newborn 
rats  whose  nursing  mothers  had  NaF  added  to  their  diets.  She  found  that  for 
fifteen  days  after  birth  there  was  a  continued  retardation  of  development  and 
of  bone  calcification  in  these  suckling  animals.  In  the  present  study,  where 
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fluoride  were  administered  during  gestation,  there  was  a  similar  effect  on 
bones  as  well  as  on  the  teeth.  Deeper  staining  of  developing  bone  and  teeth 
in  animals  from  treated  parents,  as  compared  with  animals  from  untreated 
parents,  denoted  this  retardation  histologically.  Cobb^  pointed  out  that  the 
more  intense  the  stain,  the  more  loosely  aggregated  are  the  groups  in  the 
ground  substance,  and  that  faint-staining  bone  substances  indicate  a  high 
degree  of  polymerization.  Robinson^®  stated  that  when  cement  substance  be¬ 
gins  to  stain  metachromatically  it  has  become  filled  with  hydroxy-apatite 
crystals  which  make  bone  hard  and  give  it  strength.  He  further  added  that 
processes  involved  in  matrix  maturation  in  normal  bone  follow  one  another  in 
rapid  succession,  but  under  certain  conditions,  as  in  some  diseases,  various 
stages  may  be  halted  and,  thus,  steps  in  these  processes  may  be  partly  revealed. 
The  presence  of  cartilage  in  places  where  bone  should  be  found,  as  observed 
in  the  present  study,  appears  to  indicate  that  certain  steps  in  the  process  of 
bone  maturation  may  have  been  halted  by  the  presence  of  the  F'  ion  available 
from  the  NaF  or  CaFj  administered  to  the  female  parents.  Robinson^®  also 
stated  that  it  is  not  quite  clear  whether  phosphatase  in  bone  is  primarily  as¬ 
sociated  with  matrix  maturation  or  crystal  formation,  or  both.  Cobb^  sug¬ 
gested  that  the  enzymes,  phosphatase  and  phosphorylase,  exert  their  chief 
effect  on  calcification  through  the  mobilization  and  orientation  of  the  ground 
substance  of  bone.  High-energy  phosphate  is  necessary  for  calcification.^*  * 
The  glycolytic  cycle  which  produces  these  energy-rich  phosphate  bonds  is 
known  to  be  inhibited  or  interrupted  in  at  least  one  place  where  the  F"  ion 
competes  with  the  Mg++  ions  as  an  antimetabolite,  namely,  in  the  enolase  reac¬ 
tion  where  fluoride  inhibits  and  magnesium  activates.  This  affords  a  possible 
explanation  of  a  mechanism  involved  in  blocking  energy  requirements  for  the 
process  of  calcification.  Thus,  energy  available  allows  only  for  cartilage  for¬ 
mation,  and  not  more  densely  organized  substance  such  as  bone  or  dentin.* 
The  presence  of  cartilage  and  of  cartilage-like  cells  in  pulpal  areas  where 
odontoblasts  and  bone  may  be  found  is  also  indicative  of  an  interference  with 
matrix  maturation.  In  addition,  the  bridging  of  newly  formed  dentin  -  in 
certain  places  with  cartilaginous  formations  further  supports  this  concept. 
Thus,  an  explanation  is  offered  showing  how  cartilage  and  dentin  may  be 
intimately  associated  with  each  other  and  are  often  seen  in  direct  continuity, 
as  was  previously  observed.*  These  observations  on  cartilage  formation  are 
very  similar  to  those  found  in  rickets,  for  in  such  cases  cartilage  cells  are  ir¬ 
regular  in  arrangement,  and  there  is  no  sharp  zone  of  provisional  calcifica¬ 
tion.**  ** 

Ingalls,®  after  extensive  investigations,  observed  that  at  particular  times 
in  the  development  of  the  embryo  or  fetus,  certain  organs  take  precedence  over 
others  in  energy  requirement.  Thus,  at  a  certain  time  in  development,  organs 
such  as  the  teeth  require,  for  future  normal  development,  more  energy  obtained 
from  metabolic  breakdown  than  other  organs  at  that  particular  time.  Ingalls® 
further  noted  that  metabolic  insults,  such  as  anoxia,  to  pregnant  mice  resulted 
in  damage  to  blood  vessels  in  embryos  or  fetuses.  This  may  have  led,  in  turn, 
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to  energy  deprivation  in  developing  organs  and  ultimately  to  developmental 
anomalies.  Certain  of  these  findings,  particularly  those  of  blood  vessel 
damage,  coincide  with  similar  results  in  this  study,  for  in  the  present  experi¬ 
ment,  newborn  animals  from  treated  mothers  usually  had  hyperemic  blood 
vessels  in  the  pulpal  areas  as  well  as  in  the  areas  about  the  teeth.  The  senior 
investigator  previously  noted  increased  numbers  of  red  blood  cells  in  the 
follicles  of  the  incisor  teeth  of  white  rats  who  had  been  given  intraperitoneal 
injections  of  CaF2.*  Sometimes  an  eosinophilic-staining  exudate  filled  the 
pulpal  blood  vessels  in  animals  from  treated  mothers,  probably  denoting  an 
inadequate  blood  supply.  More  often  these  vessels  were  large  or  dilated  and 
had  prominent  endothelial  cells.  In  such  cases  the  endothelium  was  often  dis¬ 
rupted,  and  red  blood  cells  had  passed  beyond  the  lumina,  causing  small  hemor¬ 
rhages  in  the  pulpal  area.  Less  frequently,  this  same  condition  existed  in  the 
blood  vessels  about  the  tooth,  particularly  in  those  vessels  adjacent  to  the  outer 
border  of  the  ameloblasts.  Ludford®  had  previously  reported  that  endothelial 
cells  of  growing  capillaries  in  tumors  seemed  particularly  sensitive  to  the 
toxic  action  of  colchicine  and  induced  extensive  hemorrhage.  It  is  interesting 
to  note  that  both  NaF  and  CaFz  seemed  to  exert  a  similar  effect  on  blood 
vessels  and  endothelial  cells. 

Fluorides,  as  administered  in  the  present  study,  seemed  capable  of  passing 
through  the  placental  membrane  and  affecting  certain  structures  that  were 
observed  in  the  newborn  animal.  Six  hundred  micrograms  of  CaF2  and  1,000 
ng  of  NaF  presented  similar  effects  but,  with  increased  dosage,  toxicity  to  the 
neonatal  mice  seemed  greater  with  CaF2.  In  these  instances  there  were  more 
stillbirths  and  a  greater  resorption  of  the  embryos  or  fetuses  before  birth. 
This  greater  toxicity  may  have  been  due  to  the  availability  of  2F~  ions  from 
CaF2  as  compared  to  1  from  NaF.  The  female  parents  also  seemed  able  to 
tolerate  a  greater  amount  of  fluorides  by  daily  intraperitoneal  injection  than 
by  oral  administration.  This  was  particularly  evident  during- the  months  of 
July  and  August,  when,  for  some  reason,  the  daily  consumption  of  water  was 
sharply  increased  even  though  the  animals  were  housed  in  a  building  of  con¬ 
stantly  controlled  temperature  and  humidity. 

SUMMARY 

1.  Administration  of  NaF  and  CaF2  to  the  female  parents  during  gesta¬ 
tion  caused  changes  in  the  structure  of  the  jaws  and  teeth  of  the  neonatal 
mice.  Calcification  of  bone  in  the  jaws  was  retarded.  There  was  alteration 
of  the  cell  structure  of  the  ameloblasts,  with  retardation  of  the  enamel  matrix 
maturation.  Cartilaginous-like  formations  appeared  in  the  dental  pulp. 
There  was  a  bridging  of  the  dentin  matrix  with  these  fonnations. 

2.  CaF2  seemed  to  be  more  toxic  to  the  fetuses  than  NaF,  both  by  injec¬ 
tion  and  by  oral  administration  to  the  pregnant  females. 

3.  Approximately  600  to  700  fig  of  CaF2  and  1,000  to  1,200  fig  of  NaF 
were  tolerated  without  causing  resorption  of  fetuses  or  stillbirths;  amounts 
in  excess  of  this  caused  these  phenomena. 
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4.  In  the  cases  of  fluoride-treated  animals,  the  pulpal  blood  vessels  in  the 
teeth  of  the  newborn  animals  appeared  to  be  hyperemic.  There  was  disrup¬ 
tion  of  the  endothelial  cells  of  the  vessels,  with  slight  hemorrhaging  in  the 
pulpal  area  as  well  as  in  the  area  immediately  surrounding  the  tooth, 
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THE  METABOLISM  OF  FLUORINE  IN  THE  RAT 
USING  F>*  AS  A  TRACER 
PATRICIA  WALLACE-DURBIN,  Ph.D. 

From  the  Division  of  Medical  Physics  and  the  Crocker  Radiation  Laboratory  of  the  Univer¬ 
sity  of  California,  Berkeley,  Calif. 

The  metabolism  of  minute  amounts  of  fluoride  has  become  a  subject  of  con¬ 
siderable  interest  in  recent  years,  because  of  the  fluoridation  of  municipal 
water  supplies  as  an  aid  in  combating  dental  caries.^’  ^  At  the  present  time 
there  are  few  extensive  data  available  on  the  distribution  of  small  amounts  of 
fluorides  in  the  normal  animal  body  with  the  exception  of  that  found  in  the 
bones,  teeth,  and  excreta.®'*  One  of  the  major  reasons  for  this  lack  of  data  is 
the  difficulty  involved  in  the  chemical  analysis  of  fluorine  when  the  amounts 
present  are  less  than  1  ppm. 

Radioactive  tracer  technics  have  been  used  successfully  in  the  study  of  the 
metabolism  of  many  elements  that  are  found  in  the  animal  body  in  trace 
amounts,  such  as  zinc  and  cobalt.®*  ®  The  only  useful  isotope  of  fluorine,  F^*, 
has  a  very  short  half  life^®  (112  minutes),  which  places  serious  limitations  on 
its  effectiveness  as  a  biologic  research  tool.  This  isotope  emits  positrons  (0.64 
mev.)  which  result  in  annihilation  radiation  (photons)  Until  recently,  in¬ 
vestigators  who  wished  to  use  F^®  were  faced  not  only  with  the  rapid  decay  of 
the  isotope,  but  also  with  the  considerable  difficulties  encountered  in  the  meas¬ 
urement  of  the  radiations.  The  measurement  either  of  the  positrons,  which  are 
absorbed  to  a  large  extent  in  the  mass  of  the  samples  themselves,  or  of  the  an¬ 
nihilation  photons,  using  an  ordinary  Geiger-Miiller  counter,  is  quite  inefficient 
and  requires  the  use  of  large  amounts  of  radioactive  fluorine.  To  date,  there 
are  only  four  reports  of  the  use  of  radiofluorine  in  biologic  investigations. 
Volker,  Hodge,  Wilson,  and  Van  Voorhis^®  and  Volker,  Sognnaes,  and  Bibby^® 
determined  the  uptake  of  F^®  in  the  teeth  and  bones  of  the  rat  thirty  minutes 
after  its  administration.  Wills^*  studied  the  secretion  of  F^®  in  the  saliva  of 
cats,  and  Myers,  Hamilton,  and  Becks^®  studied  the  transfer  of  F^®  to  the  teeth 
by  topical  application.  With  the  perfection  of  the  scintillation  crystal  counter,^® 
most  of  the  problems  heretofore  encountered  in  the  measurement  of  F^®  were 
greatly  reduced,  the  counting  efficiency  for  the  photons  was  substantially  in¬ 
creased,  and  there  was  thus  no  longer  a  need  to  be  concerned  with  the  self-ab¬ 
sorption  of  the  positrons  in  the  mass  of  the  samples. 

The  experiments  presented  here  were  designed  to  shed  some  light  on  the 
following  problems:  the  distribution  of  F*®  in  the  tissues  and  organs  of  the 
normal  rat  and  the  possible  effects  of  the  route  of  administration,  the  presence 
of  moderate  (milligram)  amounts  of  stable  fluoride,  and  the  age  of  the  ani¬ 
mals  on  this  distribution. 

From  a  thesis  presented  to  the  Graduate  Division  of  the  ■  University  of  California  in 
partial  fulflllment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy  in  Bio-Physics. 

This  work  was  performed  under  Contract  No.  W-7405-eng48-A  of  the  University  of 
California  under  the  United  States  Atomic  Energy  Commission. 

Received  for  publication,  Aug.  31,  1953. 
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EXPERIMENTAL 

F**  was  produced  on  the  sixty-inch  cyclotron  at  the  Crocker  Laboratory, 
according  to  the  method  described  by  Myers,  Hamilton,  and  Becks,'®  which  was 
modified  to  the  extent  that  the  salt  added  was  NaCl  instead  of  NaF,  Sufficient 
NaCl  was  added  after  the  bombardment  so  that  the  solution  administered  to 
the  animals  was  isotonic.  The  stock  NaCl  was  assayed  for  fluorine*  and  was 
found  to  contain  an  amount  of  fluoride  such  that  1.0  ml.  of  isotonic  saline  solu¬ 
tion  prepared  from  it  contained  0.15  fig  of  stable  fluoride.  Depending  on  the 
volume  of  the  F'®  solution  administered,  each  animal  received  stable  fluoride 
in  amounts  ranging  from  0.075  to  0.15  fig.  Preparations  containing  F'*  and 
microgram  amounts  of  stable  fluoride  will  hereafter  be  referred  to  simply  as 
F'®.  The  technics  employed  in  the  measurement  of  the  F'®  activity  of  the  sam- 
plest  and  in  the  checking  of  the  radioactive  purity  of  the  F'®  preparations  were 
those  described  by  Myers,  Hamilton,  and  Becks.'® 

(a)  Distribution  of  Intravenously  Administered  F'*  in  Young  Adult  Rats. — 
The  distribution  of  F'®  was  studied  in  young  adult  female  rats  of  the  Long- 
Evans  strain  which  averaged  185  grams  in  weight,  corresponding  to  a  range 
in  age  of  8  to  12  weeks.  Subsequently  (11  to  17  weeks)  rats  of  this  strain  un¬ 
dergo  notable  slowing  of  growth,  and  the  majority  of  the  epiphyses  close.'® 
The  animals  w'ere  maintained  for  at  least  two  weeks  prior  to  use  on  a  pelleted 
stock  diet  comparable  to  “Diet  14”  as  prepared  by  the  University  of  California 
Institute  of  Experimental  Biology.'®  Chemical  analysis  of  the  feed  showed  that 
it  contained  16  ppm  of  fluoride.  On  the  basis  of  15  Gm.  of  food  per  rat  per 
day,  this  would  amount  to  a  daily  fluoride  intake  of  1.20  mg.  per  kilogram  of 
body  weight. 

F'®  was  administered  by  injection  into  the  external  jugular  vein.  After 
injection,  the  animals  were  placed  in  metabolism  cages  in  groups  of  three  to 
five  and  were  given  water  j;  but  no  food. 

In  order  to  determine  the  rate  of  disappearance  of  F'®  from  the  blood, 
thirty  rats  were  given  F'®  by  vein  and  were  sacrificed  one,  five,  twenty,  thirty, 
forty-five,  and  sixty  minutes  after  injection.  Blood  samples  were  withdrawn 
by  heart  puncture,  and  red  blood  cells  and  plasma  were  separated  by  centrif¬ 
ugation. 

Thirty-seven  young  adult  rats  were  used  in  the  study  of  the  distribution  of 
F'®  in  normal  animals.  F'®  was  given  intravenously,  and  the  animals  were  sacri¬ 
ficed  according  to  the  following  scheme :  five  rats  at  fifteen  minutes,  ten  rats 
each  at  one  and  four  hours,  and  twelve  rats  at  nine  hours  aft-er  the  injection. 
At  the  sacrifice  of  the  animals,  blood  samples  were  taken  by  heart  puncture,  the 
animals  were  weighed,  and  the  pelts  were  removed.  The  tissues  and  organs  (as 

•The  chemical  analyses  of  the  stock  NaCl  and  the  animal  diets  for  fluorine  were  made 
by  the  Arm  of  Curtis  and  Tompkins,  San  Francisco,  California. 

tAll  the  samples  were  measured  until  at  least  612  counts  had  been  accumulated.  For  a 
total  of  612  accumulated  counts  and  a  ratio  of  total  counting  rate  to  background  counting  rate 
of  1.6  or  less,  the  error  introduced  because  of  the  statistical  nature  of  particle  counting  is 
greater  than  10  per  cent.”  When  the  counting  rate  of  a  sample  was  found  to  be  less  than  1.6 
times  the  counter  background,  the  percentage  of  the  administered  dose  of  F“  is  shown  as  less 
than  a  certain  quantity.  This  quantity  is  the  percentage  of  the  dosage  that  represents  one- 
half  of  the  counter  background. 

tThe  Berkeley  water  supply  was  found  to  contain  no  greater  than  0.03  ppm  of  fluorine." 
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listed  in  Table  I)  were  dissected  out  and  weighed.  The  contents  were  removed 
from  the  stomach  and  intestines,  and  the  empty  gastrointestinal  segments  and 
their  contents  were  assayed  separately.  The  epiphyses  and  diaphyses  of  the 
leg  bones  (femur,  tibia,  and  fibula  from  the  right  hind  leg)  were  also  measured 
separately.  The  skinned  eviscerated  carcass  was  ground  in  a  meat  grinder  and 
assayed  in  small  portions.  After  assaying,  the  carcass  samples  were  ashed  in 
a  muffle  furnace,  the  soft  tissue  ash  was  removed  with  water,  and  the  ash 
weights  of  the  skeletons  were  determined.  The  small  tissues  and  those  for 
which  it  was  anticipated  that  the  F*®  content  would  be  low  were  pooled  to  in¬ 
crease  the  weighing  and  counting  accuracy.  These  were  pancreas,  brain,  spleen, 
parotid  glands,  lacrimal  glands,  cervical  lymph  nodes,  adrenals,  and  cartilage 
(from  the  xiphoid  process). 


Table  I.  The  Distribution  of  Pis  in  Young  Adult  Rats  Fifteen  Minutes,  One,  Four,  and 
Nine  Hours  After  Intravenous  Administration;  Values  Are  Expressed  in  Per  Cent  of 
Administered  Dose  and  Are  Corrected  for  Deviation  of  Recovery  From  100  Per  Cent 


HOUR  1 

1  HOUR  1 

4  HOURS  { 

I  9  HOURS 

%  PER 
ORGAN 

%  PER 
GRAM 

%  PER 
ORGAN 

%  PER 
GRAM 

%  PER 
ORGAN 

%  PER 
GRAM 

%  PER 
ORGAN 

%  PER 
GRAM 

Molars 

— 

— 

0.44 

3.04 

0.41 

2.75 

2.50 

Incisors 

— 

— 

1.02 

3.14 

1.13 

3.98 

1.33 

3.61 

Skeleton 

32.9* 

— 

55.9 

— 

64.0 

— 

56.0 

— 

(Mandibles;  t 

— 

— 

2.56 

5.08 

2.97 

5.96 

2.39 

4.61 

(Leg  bones; t 

2.80 

1.76 

5.05 

3.97 

5.87 

4.33 

4.94 

3.31 

Muscle 

19.4 

0.19 

6.55 

0.08 

1.06 

0.01 

0.55 

0.006 

Skin 

11.2 

0.29 

2.00 

0.07 

0.25 

0.008 

0.17 

0.005 

Blood 

8.0.5 

0.50 

0.99 

0.08 

0.12 

0.008 

0.06 

0.005 

Cartilage 

— 

0.31 

— 

0.37 

— 

0.16 

— 

0.26 

Spleen 

0.50 

0.52 

0.06 

0.06 

0.009 

0.009 

0.003 

0.003 

Lung 

1.13 

0.58 

0.19 

0.11 

0.10 

0.04 

0.06 

0.03 

Liver 

4.85 

0.49 

0.49 

0.06 

0.28 

0.03 

0.04 

0.005 

Kidnev 

1.46 

0.84 

0.27 

0.18 

0.04 

0.03 

0.03 

0.02 

Stomach 

0.27 

0.32 

0.05 

0.07 

0.009 

0.009 

0.004 

0.003 

Stomach  contents 

0.06 

— 

0.08 

— 

0.006 

— 

0.001 

— 

Small  intestine 

1.11 

0.28 

0.24 

0.07 

0.03 

0.009 

0.02 

0.004 

Small  intestine 

1.73 

— 

1.26 

— 

0.14 

— 

0.03 

— 

contents 

Large  intestine 

0.41 

0.35 

0.06 

0.07 

0.03 

0.04 

0.01 

0.006 

Large  intestine 

0.20 

— 

0.09 

— 

0.84 

— 

0.48 

— 

contents 

C«*cum  and  contents 

0.42 

— 

0.32 

— 

1.27 

— 

0.30 

— 

Salivary  gland 

— 

1.23 

— 

0.08 

— 

0.01 

— 

0.005 

Lacrimal  gland 

— 

0.37 

— 

0.04 

— 

0.01 

— 

0.004 

Ljrmph  node 

— 

0.64 

— 

0.01 

— 

0.008 

— 

0.004 

Brain 

— 

— 

0.02 

0.02 

0.01 

0.009 

0.003 

0.004 

Pancreas 

— 

0.41 

— 

0.04 

— 

0.009 

— 

0.002 

Thyroid 

0.001 

— 

0.002 

— 

0.001 

— 

0.004 

— 

Adrenal 

0.04 

— 

0.004 

— 

0.001 

— 

0.003 

— 

Balance 

6.09 

— 

11.6 

— 

7.20 

— 

7.54 

— 

Urine 

9.75 

— 

17.2 

— 

22.6 

— 

31.4 

— 

Feces 

0.04 

— 

0.98 

— 

0.46 

— 

1.83 

— 

*  Includes  teeth, 
tincluded  in  skeleton. 


(b)  The  Distribution  of  Orally  Administered  in  Young  Adult  Rats. — 
In  order  to  ascertain  whether  or  not  the  distribution  of  F“  in  normal  animals 
might  be  affected  by  the  route  of  administration,  tracer  studies  were  also  un¬ 
dertaken  in  which  F“  was  given  orally.  Fifteen  young  adult  rats  that  had  been 
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fasted  overnight  were  given  by  stomach  tube  and  were  sacrificed  in  groups 
of  five  at  intervals  of  one,  four,  and  nine  hours  after  administration.  The  tis¬ 
sues  and  organs  assayed  were  the  same  as  in  Part  a  except  that  the  teeth  and 
mandibles  were  not  taken. 

(c)  The  Effect  of  Milligram  Amounts  of  Stable  Fluoride  on  the  Distribution 
of  F‘^  in  Young  Adult  Rats. — Each  of  eight  young  rats  was  given  F*®  and  10  mg. 
per  kilogram  of  fluoride  ion  as  isotonic  NaF  intravenously.  Five  of  the  ani¬ 
mals  were  sacrificed  fifteen  minutes  after  the  injection,  and  the  other  three 
were  sacrificed  nine  hours  after  the  injection.  The  tissues  and  organs  taken 
were  the  same  as  in  Part  b. 

(d)  Studies  on  the  Distribution  of  Intravenously  Administered  F^*  in  Ma¬ 
ture  Rats. — The  animals  in  this  group  averaged  250  grams  in  weight  and  were 
25  weeks  old  when  used.  Prior  to  use  they  were  maintained  for  four  and  one- 
half  months  on  a  semisynthetic  diet  comparable  in  composition  to  the  stock  diet 
mentioned  in  Part  a.  Chemical  analysis  showed  that  the  semisynthetic  diet 
contained  8  ppm  of  fluoride,  corresponding  to  a  daily  fluoride  intake  of  0.5  mg. 
per  kilogram  of  body  weight.  In  all,  thirteen  mature  animals  were  used. 
Groups  of  four  animals  were  sacrificed  at  intervals  of  one  and  four  hours  after 
intravenous  injection  of  F*®,  and  a  group  of  five  animals  was  sacrificed  nine 
hours  after  the  injection.  The  tissues  and  organs  studied  were  as  shown  in 
Table  II. 

(e)  Radioautography  With  F‘^. — When  it  was  found  from  the  tracer  stud¬ 
ies  previously  described  that  the  F‘®  concentration  in  the  epiphyses  of  the  leg 
bones  was  greater  than  that  in  the  diaphyses,  it  was  considered  advisable  to 
prepare  radioautographs  of  the  distal  ends  of  the  femurs  in  order  to  determine 
the  initial  site  of  deposition  of  F^®  in  bone.  The  distal  end  of  the  femur  was 
chosen  because  the  epiphysis  does  not  close  until  the  animals  are  approximately 
1,000  days  old.^®  Because  of  the  short  half  life,  it  was  necessary  that  fresh 
material  be  used,  and  the  technics  employed,  relatively  crude.  The  femurs 
were  removed  from  five  young  adult  rats  and  five  mature  rats  one  hour  after 
the  intravenous  injection  of  F^®.  The  fresh  bones  were  cut  lengthwise  with  a 
jeweler’s  saw  and  were  placed  cut  side  down  on  a  piece  of  Eastman-Kodak  no¬ 
screen  x-ray  film.  In  order  to  prevent  the  bones  from  sticking  to  the  film  and 
to  avoid  chemical  fogging  of  the  film,  a  thin  sheet  of  mica  (2  mg.  per  square 
centimeter)  was  placed  between  the  bone  and  the  film.  The  bones  and  film  were 
placed  in  a  light-tight  box  lined  with  sponge  rubber,  and  were  weighted  down 
to  maintain  good  contact  during  exposure. 

The  exposure  varied  from  five  to  ten  minutes  depending  on  the  amount  of 
F^®  injected.  The  bones  were  then  fixed  in  absolute  alcohol  for  forty-eight 
hours  and  were  stained  with  silver  nitrate  according  to  the  method  described 
by  McClung.^^ 

The  amounts  of  fluoride  present  in  the  diets  of  both  the  young  adult  and 
mature  rats  were  considered  far  below  the  level  of  toxicity.  Rats  have  been 
maintained  on  these  diets  in  this  laboratory  for  long  periods  of  time  without 
any  evidence  of  retardation  of  skeletal  growth  or  any  discernible  dental  effects. 
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Table  II.  The  Distribution  op  Fi*  in  Normal  Mature  Rats  One,  Four,  and  Nine  Hours 
After  Intravenous  Administration;  Values  Are  Expressed  in  Per  Cent  of  Administered 
Dose  and  Are  Corrected  for  Deviation  of  Recovery  From  IOO  Per  Cent 


1  HOUR  1 

[  4  HOURS  1 

9  HOURS 

%  PER 
ORGAN 

%  PER 
ORAM 

%  PER 
ORGAN 

%  PER 
GRAM 

%  PER 
ORGAN 

%  PER 
GRAM 

Molars 

0.26 

1.68 

0.26 

1.64 

0.18 

1.33 

Incisors 

1.18 

2.72 

1.40 

3.12 

1.38 

3.01 

Skeleton 

47.2 

— 

52.8 

— 

48.5 

— 

(Mandibles)* 

2.00 

2.94 

2.04 

3.14 

2.10 

3.22 

(Leg  bones)* 

3.78 

2.32 

4.34 

2.74 

3.97 

2.46 

Muscle 

6.81 

0.06 

0.88 

0.008 

0.47 

0.004 

Skin 

3.58 

0.08 

0.62 

0.01 

0.57 

0.01 

Blood 

1.41 

0.08 

0.15 

0.008 

0.08 

0.004 

Cartilage 

— 

0.20 

— 

0.12 

— 

0.17 

Liver 

0.48 

0.06 

0.06 

0.008 

0.04 

0.005 

Kidney 

0.26 

0.15 

0.04 

0.02 

0.02 

0.01 

Stomach 

0.08 

0.06 

0.02 

0.01 

0.009 

0.008 

Stomach  contents 

0.12 

— 

0.01 

— 

0.003 

— 

Small  intestine 

0.17 

0.06 

0.03 

0.008 

0.02 

0.004 

Small  intestine 

3.26 

— 

0.22 

— 

0.04 

— 

contents 

Large  intestine 

0.06 

0.04 

0.02 

0.01 

0.02 

0.01 

Large  intestine 

0.19 

— 

0.23 

— 

1.65 

— 

contents 

Cecum  and  contents 

0.42 

— 

0.94  . 

^  — 

0.95 

— 

Salivary  gland 

— 

0.08 

— 

0.009 

— 

0.003 

Lacrimal  gland 

— 

0.07 

— 

0.01 

— 

0.003 

Lymph  node 

— 

0.06 

— 

0.009 

— 

0.005 

Thyroid 

0.001 

— 

0.001 

— 

0.001 

— 

Adrenal 

0.004 

— 

0.001 

— 

0.001 

— 

Balance 

5.04 

— 

13.5 

— 

10.6 

— 

Urine 

29.1 

— 

28.5 

— 

36.0 

— 

Feces 

0.08 

— 

0.26 

— 

0.93 

— 

•Included  In  skeleton. 


At  no  time  did  the  amount  of  administered  to  any  animal  exceed  4.0 
fic  per  ^ram  of  body  weight.  In  view  of  the  short  half  life  of  this  isotope 
and  the  short-term  nature  of  the  experiments,  damage  to  the  tissues  of  the  ani¬ 
mals  and  the  consequent  impairment  of  their  functions  due  to  internal  irradia¬ 
tion  were  considered  unimportant. 

The  total  amounts  of  F‘®  present  in  blood  and  muscle  were  calculated  using 
the  figures  obtained  for  the  per  cent  of  F^®  per  milliliter  of  whole  blood  and  per 
cent  per  gram  of  muscle,  and  assuming  that  these  two  tissues  corresponded  to 
7  per  cent  and  45  per  cent  of  the  total  body  weight,  respectively.**  The  F^® 
content  of  the  edentulous  skeleton  was  estimated  from  the  per  cent  of  F*®  per 
gram  of  fresh  bone  obtained  from  the  leg  bone  samples,  and  the  calculated 
skeletal  weight,  which  was  based  on  the  ash  weight  of  the  skeleton.  The  ash 
weights  of  the  leg  bones  of  ten  young  adults  and  thirteen  mature  rats  were  de¬ 
termined  as  follows:  36.6  ±  0.7  per  cent  ash  content  of  fresh  (not  defatted) 
young  adult  bone  and  34.2  ±  0.5  per  cent  ash  content  of  fresh  mature  rat  bone. 

The  per  cent  of  the  administered  F^®  in  the  muscle,  bone,  blood,  and  car¬ 
tilage  samples  was  added  to  the  per  cent  of  dose  obtained  for  the  skinned 
eviscerated  carcass.  From  this  “total  carcass”  were  subtracted  the  values  cal¬ 
culated  for  total  blood,  muscle,  and  skeleton.  The  remainder,  which  varied 
considerably  (2.8  to  13.5  per  cent  of  the  administered  dose),  has  been  desig- 
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nated  ‘  ‘  balance.  ’  ’  This  consisted  of  tissues  such  as  connective  tissue,  cartilage, 
glandular  tissue,  lymphoid  tissue,  fat,  nervous  tissue,  and  blood  vessels.  The 
size  and  variability  of  the  balance  are  probably  due,  in  part,  to  the  use  of  an 
average  figure  for  the  ash  content  of  bone  in  computing  the  skeletal  wet 
weights.  A  certain  amount  of  error  is  also  introduced  in  assuming  that  the 
leg  bones  represent  an  accurate  index  of  the  ability  of  the  skeleton,  as  a  whole, 
to  accumulate  F^®. 

The  results  of  the  tracer  studies  described  here  were  corrected  for  devia¬ 
tions  of  recovery  of  the  injected  from  100  per  cent.  The  actual  experi¬ 
mental  recoveries  for  individual  animals  varied  from  84.5  per  cent  to  117  per 
cent  of  the  administered  dose  because  of  pooling  of  excretions  and  loss  of  ma¬ 
terial  in  the  meat  grinder  which  was  used  to  prepare  the  carcasses.  The  aver¬ 
age  recoveries  for  each  experimental  group  of  three  to  five  rats  did  not  vary 
quite  as  much  and  were  generally  between  85  per  cent  and  95  per  cent  of  the 
administered  dose. 


RESULTS  AND  DISCUSSION 

It  is  apparent  from  Fig.  1  that  F^®  administered  intravenously  in  the  form 
of  a  salt,  NaF,  disappears  quite  rapidly  from  the  blood.  The  nature  of  the 
curve  shown  suggests  that  it  may  be  a  composite  of  several  individual  curves 
and  possibly  the  result  of  such  processes  as  the  equilibration  of  the  F'®  in  the 
extracellular  and  intracellular  fluids,  skeletal  deposition,  and  urinary  excre¬ 
tion.  From  Fig.  1  and  Table  I  it  can  be  seen  that  an  equilibrium  was  rapidly 
established  between  the  F^®  in  the  blood  and  in  most  of  the  tissues.  The  time 
necessary  to  attain  this  equilibrium  appears  to  depend  upon  the  blood  supply 
of  the  individual  tissues  and  organs.  The  F^®  concentrations  expressed  in  per 
cent  of  administered  dose  per  gram  of  wet  tissue  of  the  relatively  vascular  tis¬ 
sues,  such  as  liver,  spleen,  and  small  intestine,  were  very  nearly  the  same  as  the 
F^®  level  in  the  blood  fifteen  minutes  after  the  injection.  The  F^®  concentra¬ 
tions  in  skin  and  muscle,  tissues  that  normally  have  a  relatively  slower  circu¬ 
lation,  were  considerably  below  the  blood  level  at  this  time,  although  equilib¬ 
rium  was  reached  at  the  end  of  one  hour.  The  F^®  concentrations  of  the  soft 
tissues,  with  the  exception  of  kidney  and  salivary  glands,  very  nearly  paralleled 
the  blood  level  at  all  the  time  intervals  investigated. 

The  plasma  was  found  to  contain  nearly  twice  as  much  F^®  as  the  red  blood 
cells,  giving  a  ratio,  RBC :  plasma,  0.54  ±  0.02,  a  value  similar  to  those  obtained 
for  the  other  halogens.  For  chloride  and  bromide  ions,  the  ratio  in  human  be¬ 
ings  is  0.51,^®  and  for  iodide  ion  it  is  0.67.®*  These  findings  and  the  paralleling 
of  the  F^®  concentrations  in  the  soft  tissues  with  the  blood  level  indicate  that 
cells  are  as  freely  permeable  to  fluoride  ion  as  they  are  to  the  ions  of  the  other 
halogens. 

It  will  be  noted  that  fifteen  minutes  after  the  injection,  while  the  blood 
level  of  F“  is  high,  the  F*®  concentration  in  the  parotid  glands  is  a  little  more 
than  twice  that  of  the  blood.  This  observation  is  in  accord  with  the  findings 
of  Wills^*  and  Volker,  Sognnaes,  and  Bibby®®  on  the  presence  of  F“  in  the  saliva 
of  rats  and  cats  a  short  time  after  intraperitoneal  injection.  However,  since  the 
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salivary  glands  of  all  the  animals  sacrificed  at  this  time  were  pooled,  this  value 
represents  only  a  single  determination  and  cannot  be  considered  quantitative. 

It  is  worthy  of  note  that  the  thyroid  did  not  accumulate  F^*  to  any  sig¬ 
nificant  extent.  This  is  interesting  in  view  of  the  work  of  other  investigators 
on  the  thyroidal  uptake  of  other  members  of  the  halogen  group.®*’  ®*  The  F^® 
concentration  in  the  thyroid  (calculated  on  the  basis  of  a  normal  rat  thyroid 
weight  of  20  mg.)  did  not  exceed  the  blood  level  at  any  time  during  these  ex¬ 
periments. 


The  kidney  was  the  only  soft  tissue  that  consistently  showed  a  higher  F^® 
concentration  than  the  blood.  This  observation  is  reasonable  since  the  excre¬ 
tion  of  fiuorine  is  principally  by  way  of  this  organ.  The  excretion  of  F^®  in  the 
feces  to  a  small  extent  seems  fairly  well  established  by  these  experiments.  Al¬ 
though  most  of  the  F“  that  made  its  way  into  the  contents  of  the  gastrointes¬ 
tinal  tract  following  intravenous  injection  was  apparently  reabsorbed,  some 
was  also  found  in  the  feces.  The  possibility  that  the  F‘®  in  the  feces  was  due 
to  urinary  contamination  seems  disproved  by  the  fact  that  F^®  was  found  in 
the  formed  feces  in  the  large  bowel. 

The  major  site  of  F^®  deposition  was  in  the  teeth  and  bones  and  to  a  lesser 
extent  in  the  cartilage.  (As  was  the  case  with  the  salivary  glands,  the  cartilage 
samples  were  pooled,  and  therefore  the  figures  shown  for  the  F*®  concentration 
in  cartilage  should  be  regarded  with  caution.)  F^®  w’as  rapidly  accumulated  by 
the  bone  and  reached  a  peak  value  in  the  leg  bones  and  mandibles  about  four 
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hours  after  the  injection.  The  content  of  the  diaphyses  of  the  leg  bones  was 
such  that  the  ratio  of  the  content,  diaphyses :  epiphyses,  was  0,45  at  fifteen 
minutes  after  the  injection,  decreasing  to  0.35  for  the  rest  of  the  time  intervals. 
On  the  basis  of  decreasing  F'®  concentration,  the  bony  tissues  sampled  can  be 
arranged  in  the  following  order  for  all  of  the  time  intervals  studied :  mandible, 
leg  bone  epiphyses,  leg  bone  diaphyses.  This  indicates  that  a  short  time  after 
its  administration,  nine  hours  or  less,  the  amount  of  F*®  taken  up  by  a  bone  de¬ 
pends  in  large  measure  on  its  vascularity,  substantiating  an  observation  by 
Volker,  Sognnaes,  and  Bibby.*® 

In  general,  the  concentrations  of  F'®  in  the  teeth  were  lower  than  in  the  leg 
bones  at  the  corresponding  time  intervals.  The  incisors  followed  the  same  gen¬ 
eral  pattern  as  the  other  bony  tissues,  showing  a  rapid  initial  F‘®  uptake,  and  a 
peak  concentration  four  hours  after  the  injection,  which  gradually  decreased 
during  the  ensuing  five  hours.  On  the  other  hand,  the  molars  showed  a  peak 
F*®  concentration  at  one  hour  and  a  gradual  decline  thereafter. 

The  absorption  of  F^®  from  the  gastrointestinal  tract  after  oral  administra¬ 
tion  was  quite  rapid.  Seventy-five  per  cent  of  the  administered  dose  was  ab¬ 
sorbed  in  the  first  hour,  and  90  per  cent  by  the  end  of  nine  hours.  The  data  on 
the  oral  administration  of  F’'®  were  computed  on  the  basis  of  per  cent  of  dose 
absorbed,  and  the  values  thus  obtained  for  the  distribution  of  F^®  in  the  blood 
and  soft  tissues  were  very  nearly  the  same  as  in  the  intravenous  studies.  The 
skeletal  uptake  of  orally  administered  F^®  as  a  soluble  salt  was  60.9  per  cent  at 
one  hour  and  67  per  cent  at  four  hours,  slightly  higher  than  when  F’®  was  given 
by  vein.  During  this  time,  the  urinary  excretion  of  F*®  was  somewhat  reduced, 
18.2  per  cent  at  four  hours.  However,  after  nine  hours,  the  skeletal  deposition, 
56.5  per  cent,  and  urinary  excretion,  28.7  per  cent,  were  very  nearly  the  same 
as  the  values  obtained  in  the  intravenous  experiments.  There  was  more  F^® 
■present  in  the  feces  of  the  animals  which  received  F'®  by  stomach  tube,  4.14 
per  cent  of  the  dose  at  nine  hours,  indicating  that  absorption  of  microgram 
amounts  of  fiuoride  ion  may  not  be  complete. 

When  10  mg.  per  kilogram  of  fiuoride  as  isotonic  NaF  was  given  simultane¬ 
ously  with  the  essentially  carrier-free  preparation  of  F'®,  the  animals  received 
nearly  20,000  times  more  fluoride  than  did  the  animals  which  received  only  the 
standard  F®®  preparation.  Several  notable  differences  were  observed  between 
the  two  groups,  at  the  fifteen-minute  interval.  The  major  differences  found 
at  this  time  between  the  animals  that  received  F^®  alone  and  those  receiving 
added  stable  fluoride  can  be  summarized  as  follows:  the  animals  receiving 
added  carrier  showed  a  considerable  higher  F'®  content  in  the  kidneys  (3.34 
per  cent),  in  the  thyroid  (0.006  per  cent),  and  slightly  higher  F^®  concentrations 
in  the  blood  and  soft  tissues  (0.28  per  cent  per  gram  of  muscle  and  0.65  per 
cent  per  milliliter  of  blood).  The  F®®  content  of  the  leg  bones  was  higher,  4.22 
per  cent,  and  the  urinary  excretion  was  lower,  1.14  per  cent.  Nine  hours  after 
the  injection,  the  distribution  and  excretion  patterns  of  the  F®®  and  F^®-f-  stable 
fluoride  groups  were  completely  comparable,  indicating  that  (within  certain 
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limits*)  fluorides  are  eventually  metabolized  in  the  same  fashion  regardless  of 
the  size  of  the  dose,  but  with  a  little  more  difficulty  when  larger  doses  are  given. 

In  the  tracer  studies  in  which  was  given  in  the  essentially  carrier-free 
state,  there  was  actually  sufficient  stable  fluoride  present  so  that  a  200-gram 
rat  received  0.5  ng  of  fluoride  per  kilogram  of  body  weight.  The  longest  time 
interval  investigated  in  these  experiments  was  nine  hours  after  injection.  How¬ 
ever,  since  by  this  time  was  being  eliminated  from  the  skeleton  only  gradu¬ 
ally,  the  majority  of  the  F^®  found  in  the  skeleton  at  this  time  can  be  considered 
stored.  In  McClure  ^®  balance  studies  on  young  adult  men,  he  claimed  that 
there  was  no  storage  of  fluoride  when  the  daily  intake  was  of  the  order  of  a  few 
milligrams.  The  daily  intake  in  his  studies  can  be  calculated  as  approximately 
53  ixg  per  kilogram,  an  amount  nearly  100  times  greater  than  was  used  in  the 
tracer  experiments  described  here.  The  results  of  these  studies,  together  with 
those  of  Hodge,*®  Savchuck  and  Armstrong,®®  and  Clock,  Lowater,  and  Mur¬ 
ray,®®  who  found  that  the  skeletal  fluoride  content  increased  slowly  with  age 
on  diets  low  in  fluoride,  indicate  that  apparently  there  is  no  level  of  fluoride 
intake  below  which  storage  ceases  and  excretion  is  complete,  as  was  stated  by 
McClure. 

The  distribution  of  F®®  in  the  mature  rat  is  shown  in  Table  II.  By  and 
large  there  were  few  significant  differences  between  the  distributions  of  F®® 
in  young  adult  and  mature  rats.  In  the  mature  rats,  the  urinary  excretion  was 
slightly  greater,  as  was  also  the  F®®  found  in  the  contents  of  the  gastrointesti¬ 
nal  tract. 

The  values  obtained  for  the  F®®  content  and  F®®  concentration  of  the  molars 
of  the  mature  rats  were  considerably  lower  than  the  corresponding  values  found 
for  the  young  adults.  This  difference  between  the  molars  of  young  and  mature 
animals  in  their  ability  to  accumulate  F®*  seems  to  be  a  function  of  the  decrease 
in  pulpal  activity  and  calcification  of  the  molars  with  increased  age.®* 

Since  the  rat  incisor  continues  to  form  and  erupt  throughout  life,  it  was 
not  surprising  that  the  incisors  of  the  mature  animals,  although  heavier  than 
those  of  the  young  adults,  accumulated  F®®  to  the  same  extent  as  did  the  young 
animals. 

It  was  found  that  the  skeletons  of  the  mature  rats  accumulated  less  F®® 
than  did  the  skeletons  of  the  young  adults.  The  pattern  of  uptake,  at  first  quite 
rapid  to  a  peak  value  at  about  four  hours  followed  by  a  gradual  decline,  was 
the  same  regardless  of  age  or  the  amount  of  fluoride  administered.  However, 
in  the  mature  rats  the  peak  was  less  sharply  defined,  the  rise  was  more  gradual, 
and  the  ensuing  loss  appeared  slightly  smaller.  It  was  found  that  after  nine 
hours  the  skeletons  of  the  young  rats  retained  56  per  cent  of  the  administered 
F®®  while  the  mature  skeletons  retained  only  48  per  cent.  These  findings  are  in 
accord  with  the  work  of  Copp,  Hamilton,  Jones,  Thomson,  and  Cramer,®®  who 
showed  that  the  turnover  of  the  mineral  components  of  bone  was  much  more 
rapid  in  growing  animals,  and  of  Savchuck  and  Armstrong,®®  who  found  that 
the  retention  of  fluoride  in  the  skeleton  was  greater  in  young  rats  (53  per  cent 
as  opposed  to  only  36  per  cent  for  mature  rats). 

*  Animals  that  were  given  14  to  17  mg.  of  fluoride  per  kilogram  Intravenously  in  pilot 
experiments  died  within  one  hour  after  the  injection. 
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Figs.  2  and  3  show  the  distal  end  of  the  right  femur  and  the  corresponding 
F^®  radioautograph  that  was  prepared  from  one  of  the  young  rats.  Since  radio¬ 
autographs  of  bones  of  mature  rats  showed  the  same  general  distribution  of  F^® 
as  seen  in  the  young  adults,  they  are  not  illustrated. 


Kig.  2. — The  .silvered  .surface  of  the  distal  end  of  the  right  femur  of  a  young  adult  rat  7.‘> 

days  old. 


Fig.  3. — The  F“  contact  radioautograph  of  the  bone  surface  shown  in  Fig.  2. 


Despite  the  poor  resolution  obtainable  from  such  relatively  crude  methods 
as  were  used  in  the  preparation  of  these  radioautographs,  several  generaliza¬ 
tions  can  be  made  about  the  initial  dejjosition  of  F‘**  in  the  bones  of  the  rat. 
The  area  of  greatest  F*®  concentration  one  hour  after  administration  was  in  the 
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region  of  the  epiphyseal  cartilage,  probably  in  the  most  recently  calcified  bone 
just  below  the  epiphyseal  plate.  The  spongy  bone  of  the  epiphysis  and  the 
upper  end  of  the  diaphysis,  especially  on  the  front  side,  were  the  next  most 
heavily  blackened  areas.  This  was  not  quite  as  apparent  in  the  radioautographs 
made  from  the  young  bones  as  it  was  in  the  mature  bones.  There  appears  to  be 
little  if  any  F^®  in  the  marrow  cavity. 

SUMMARY 

Radioactive  tracer  and  radioauto  graphic  technics  using  NaF  tagged  with 
F‘®  were  employed  to  study  the  metabolism  of  soluble  fluoride  ioi?  in  rats. 
Young  adult  females  and  mature  females  were  used  for  these  studies.  F“ 
was  administered  orally  and  by  intravenous  injection  in  an  essentially  carrier- 
free  state  and  with  added  fluoride  carrier.  Radioautographs  were  prepared 
from  the  femurs  of  both  young  and  mature  rats.  The  results  permit  the  follow¬ 
ing  conclusions : 

1.  Cell  membranes  appeared  to  be  freely  permeable  to  F^®  when  it  was 
administered  as  NaF. 

2.  There  did  not  seem  to  be  any  significant  deposition  of  F^®  in  any  of  the 
soft  tissues  of  the  rat,  with  the  possible  exception  of  the  kidney,  when  it  was 
given  with  stable  fluoride  in  amounts  ranging  from  0.5  fig  to  10  mg.  per  kilo¬ 
gram  of  body  weight. 

3.  Urinary  excretion  and  skeletal  deposition  of  F*®  were  similar  regardless 
of  whether  the  stable  fluoride  dose  was  0.5  fig  or  10  mg.  per  kilogram,  indicat¬ 
ing  that  there  was  no  level  of  fluoride  intake  below  which  all  ingested  fluoride 
would  be  excreted. 

4.  There  appeared  to  be  genuine  fecal  excretion  of  F^®,  although  the 
amount  excreted  by  this  route  was  quite  small. 

5.  Absorption  of  orally  administered  F^®  was  not  complete  nine  hours  after 
its  administration.  At  this  time  there  was  about  10  per  cent  of  the  administered 
dose  in  the  cecum,  large  intestine  contents,  and  feces. 

6.  The  distribution  of  F^®  in  the  rat  was  essentially  the  same  whether  it 
was  given  orally  or  by  vein. 

7.  The  distribution  of  F^®  in  the  soft  tissues  of  the  rat  was  not  significantly 
affected  by  the  age  of  the  animals.  In  contrast,  the  F^®  uptake  of  the  teeth  and 
bones  was  definitely  lower  in  mature  rats  than  in  young  adults. 

8.  The  extent  to  which  a  bone  will  accumulate  F*®  seemed  to  depend  upon 
the  vascularity  of  the  bone  and  on  its  growth  activity. 

I  wish  to  express  my  appreciation  to  Drs.  J.  G.  Hamilton,  C.  W.  Asling,  J.  W.  Gofman, 
K.  G.  Scott,  and  H.  M.  Myers  whose  interest  and  ideas  contributed  materially  to  this  work, 
to  Mr.  G.  B.  Rossi  and  the  staff  of  the  sixty-inch  cyclotron  for  the  preparation  of  the 

to  the  staff  of  Crocker  Laboratory  for  technical  assistance,  and  to  Mrs.  Marion  Pease 
for  preparing  the  silvered  bone  surfaces. 
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EFFECT  OF  CHEWING  ON  THE  PHOSPHORUS  EXCHANGE 

IN  TEETH 

H.  H.  XEVMANN  AND  N,  A.  DI  SALVO 

Department  of  Physiology  and  Department  of  Dental  Besearch,  College  of  Physicians  and 
Surgeons,  Columbia  University,  New  York,  N.  T. 

This  study  attempts  to  determine  whether  any  changes  occur  in  the  phos¬ 
phorus  turnover  in  teeth  owing  to  the  degree  of  functional  stress  that  they 
are  exposed  to  during  mastication.  It  is  principally  and  in  vivo  study  although 
certain  controls  were  carried  out  after  extraction  of  teeth  in  order  to  cheek 
on  background  influences  in  the  mouth. 

Following  the  original  observation  by  Chiewitz  and  Hevesy/  that  phos¬ 
phorus  ions  in  the  maturing  and  mature  tooth  are  being  continually  replaced, 
further  studies  attempted  to  define  the  nature  and  rate  of  this  turnover.  The 
experiments  by  Hevesy,  Holst,  and  Krogh^  disclosed  the  distribution  of  the 
active  phosphorus  turnover  in  the  different  component  tissues  of  the  teeth,  and 
Volker  and  Sognnaes'*’  *  and  Pedersen  and  Schmidt-Nielson®  indicated  the  path¬ 
ways  of  access  of  the  labeled  phosphorus  to  the  dental  tissues. 

The  turnover  rate  in  powdered  dentin  and  enamel,  both  fresh  and  ashed, 
was  described  by  Neuman  and  Hulryan®  and  by  Underwood  and  Hodge' ;  vari¬ 
ous  exchange  patterns  were  found  to  exist,  and  differences  were  observed  in 
the  phosphorus  uptake  between  young  and  old,*'^”  growing  and  nongrowing,* 
and  more-  and  less-mineralized  tis.sues,'"  and  among  the  various  components 
constituting  the  tooth.* 

Factors  such  as  age  influence  or  exact  localization  of  the  P^*  deposition 
were  not  explored  in  the  present  project.  The  observations  were  limited  to  any 
differences  occurring  between  the  more-  and  the  less-functioning  half  dentitions 
in  the  same  animal.  In  order  to  obtain  a  sizable  contrast  in  the  degree  of  func¬ 
tion  of  the  teeth  to  be  measured,  we  selected  various  methods  of  removing  func¬ 
tional  stress  from  one  half  dentition  in  rhesus  monkej'S  and  burdening  the  task 
of  mastication  entirely  or  as  far  as  feasible  to  the  other  half. 

Measurement  of  Phosphorus  Turnover  in  Vivo. — In  most  of  the  work  with 
radioactive  indicators,  the  tissues  under  investigation  are  removed  from  the 
organism.  Such  procedure  is  largely  neces.sary  to  calculate  a  ratio  of  weight  to 
radioactivity,  in  order  to  obtain  absolute  values.  If  relative  values,  however,  are 
the  aim  of  the  investigation,  as  in  a  left  and  right  comparison  under  different 
physiologic  conditions  or  in  a  comparison  under  physiologic  and  pathologic  cir¬ 
cumstances  within  the  same  oi-ganism,  then  the  radiation  emitted  by  an  active 
isotope  may  be  measured  topically  at  points  accessible  to  measuring  instruments. 
The  enamel  is  more  ideally  suited  to  these  direct  measurements  than  most  other 
tissues  in  the  body.  If  a  pure  beta  emitter  is  used,  counts  by  contact  with  the 
occlusal  surface  can  be  obtained  with  a  small  end-window  tube  instrument. 

This  investigation  was  aitled  by  a  grant  from  the  F.  H.  Fleer  Corp.,  Philadelphia.  Pa. 
Received  for  publication,  .\ug.  10,  1953. 
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Topical  measurement  of  in  vivo  concentration  of  radioactivity”'^®  has  been 
applied  to  the  thyroid,  the  breast,  and  the  eye,  although  because  of  their  pene¬ 
trating  power,  mostly  gamma  ray-emitting  isotopes  are  being  used  for  all  but 
the  most  superficial  layers  of  the  body.  In  contrast,  in  the  case  of  the  enamel, 
the  selection  of  a  pure  beta  emitter  is  a  distinct  advantage,  as  only  the  rays 
emitted  by  the  superficial  layers  will  reach  the  counter  because  of  the  low 
penetration  of  the  radiation.  Such  a  study  is  further  facilitated  by  the  fact  that 
localization  and  sufficient  shielding  of  the  background  can  be  achieved  readily 
with  pliable  lead  foil. 

For  our  measurements  on  the  enamel  surfaces  we  used  a  Geiger-Miiller  tube 
of  pencil  shape,*  small  enough  to  be  introduced  into  the  mouth  of  a  rhesus 
monkey.  The  very  thin  end  window  of  the  tube  corresponds  in  size  to  the 
occlusal  surface  of  a  single  molar. 

After  adequate  shielding,  the  Geiger  tube  ^vindow  was  covered  by  a  thin 
membrane  of  cellophane  sheeting  7/10,000  of  an  inch  thick  to  avoid  contamina¬ 
tion  of  the  instrument.  This  cellophane  was  changed  with  every  measurement. 
In  order  to  avoid  interference  with  saliva  and  oral  debris,  the  teeth  were  scaled, 
polished  with  pumice,  flushed  with  water,  and  dried  with  cotton  before  measure¬ 
ments  were  made.  However,  the  activity  of  saliva  in  thin  layers  was  found  to  be 
negligible  compared  to  the  enamel  activity.  The  cellophane-covered  instrument 
was  then  brought  into  direct  contact  with  the  occlusal  surface  of  the  tooth. 

The  method  allows  one  to  follow  the  trend  and  rate  of  phosphorus  exchange 
in  the  enamel  from  hour  to  hour,  from  day  to  day,  and  over  a  period  of  weeks 
without  necessitating  extractions,  and  it  permits  the  observation  of  any  varia¬ 
tions  in  the  turnover  pattern  under  varying  physiologic  and  pathologic  con¬ 
ditions.  An  animal  may  be  observed  repeatedly  under  similar  experimental 
circumstances. 

Preliminary  counts  of  the  contralateral  molars  were  obtained  on  untreated 
monkeys,  and  no  significant  difference  was  found  to  exist  in  the  phosphorus 
uptake  in  the  left  and  right  quadrants.  Comparing  upper  and  lower  correspond¬ 
ing  teeth,  slightly  lower  counts  were  found  fairly  consistently  on  the  lower 
molars  as  compared  with  the  upper  molai“s  in  the  same  animal. 

The  estimations  on  the  experimental  animals  were  carried  out  on  molars 
and  premolars.  The  findings  were  in  a  similar  direction  on  the  examined  teeth, 
and  only  the  observations  on  the  first  lower  molars  will  be  described  in  detail. 
In  all  experiments  radiophosphorus  was  injected  intraperitoneally,  in  order  to 
make  use  of  the  primary  phosphorus  metabolism  in  the  liver. 

Unilateral  Dental  Disuse  Induced  hy  Nerve  Resection. — In  a  rhesus  monkey, 
weighing  6  kilograms,  me.  of  P®®  was  injected  intraperitoneally  two  years 
after  this  animal  had  a  unilateral  intracranial  section  of  the  third  division  of 
the  fifth  cranial  nerve.  Observation  of  chewing  motions  and  of  the  dentition 
indicated  that  chewing  had  been  confined  to  one  side  from  the  time  of  the  nerve 
resection. 


•222  tube,  Anton  I.ab.  Mfg.  Co. 
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Counts  were  obtained  from  the  occlusal  surface  of  the  molar  teeth  at  one- 
half  hour  intervals  for  the  first  six  hours,  and  weekly  measurements  were  made 
subsequently  (Fig.  1). 

The  counts  in  the  nerve-resected  animal  obtained  from  the  corresponding 
first  lower  molars  were  unequal.  The  differences  were  statistically  significant 
and  were  consistently  found  after  repeated  administration  of 


“P 

Fig.  1. — Radioactivity  in  counts  per  minute  from  the  surface  of  first  lower  molars  in 
situ,  after  left  fifth  craniai  nerve  resection.  Vaiues  for  one,  two,  and  three  weeks  foiiowing 
injection  of  P“  are  corrected  for  decay  of  radioactivity. 

This  experiment  was  designed  to  compare  a  functioning  with  a  nonfunction¬ 
ing  half  dentition.  It  is  difficult  to  determine,  though,  how  much  of  the  apparent 
differences  can  be  attributed  to  a  variation  in  the  function  of  the  two  jaw  halves 
alone,  as  sensory  nerve  fibers  were  unavoidably  cut  with  the  motor  fibers. 
Furthermore,  interference  with  sympathetic  fibers  may  have  influenced  the 
salivary  glands  as  well  as  regional  circulation,  all  factors  with  a  potential  bear¬ 
ing  on  the  phosphorus  uptake.  Although  the  findings  were  consistent  and 
significant,  it  was  deemed  advisable  to  vary  the  experimental  conditions  in 
assessing  the  results,  by  dissecting  and  removing  the  three  major  masticator)' 
muscles  on  one  side  on  another  monkey. 

Unilateral  Dental  Disuse  Induced  by  Muscle  Resection. — Fiider  general 
anesthesia  the  masseter,  temporalis,  and  internal  pterygoid  muscles  of  a  4-year- 
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old  rhesus  monkey  were  dissected  and  removed.  After  a  period  of  three  weeks 
and  for  six  months  following,  measurements  were  taken  under  the  same  experi¬ 
mental  conditions  as  on  the  nerve-resected  monkey;  a  dose  of  500  /ic  of 
radioactive  phosphorus  for  a  monkey  weighing  6  kilograms  was  injected  intra- 
peritoneally.  This  dose  was  repeated  in  intervals  of  forty-five  days. 

Observations  within  the  first  three  months  following  the  operation  indicated 
a  similar  trend  of  an  increased  uptake  on  the  operated  side.  However,  in 
subsequent  measurements  the  findings  were  not  consistent  and  not  considered 
to  be  statistically  significant. 


Fier.  2. — Radioactivity  in  counts  per  minute  from  the  surface  of  first  lower  molars  in 
situ,  after  removal  of  upper  left  quadrant  of  teeth.  Values  for  one,  two,  and  three  weeks 
following  injection  of  P”  are  corrected  for  decay  of  radioactivity. 


The  degree  of  nonfunction  achieved  by  the  method  of  muscle  resection 
appeared  to  be  only  moderate.  Ability  to  chew  on  the  operated  side  returned, 
probably  because  of  hypertrophy  of  nonresected  strands  and  muscles.  Regenera¬ 
tion  seemed  to  set  in  at  once,  and  it  was  again  held  advisable,  in  appraising  the 
results,  to  alter  experimental  conditions,  this  time  by  removing  unilaterally  the 
upper  teeth  in  rhesus  monkeys,  and  to  compare  the  phosphorus  retention  in  the 
functioning  and  nonfunctioning  lower  molars.  / 

Unilateral  Disuse  Induced  hy  Quadrant  Resection. — In  a  further  attempt 
to  narrow  down  the  variables  to  the  factor  of  function,  the  upper  left  quadrant  of 
teeth  was  removed  from  each  of  two  rhesus  monkeys  under  general  anesthesia. 
Before  the  surgical  intervention,  labeled  phosphorus  was  injected  intraperi- 
toncally,  and  the  number  of  disintegrations  measurable  topically  on  the  occlusal 
surface  of  the  molars  was  compared  for  both  jaw  halves.  On  repeated  exami¬ 
nations  and  measurements,  no  significant  differences  were  found  for  the  P®* 
absorption  in  contralateral  teeth. 
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Four  weeks  after  the  quadrant  resection,  topical  counts  were  again  taken 
at  frequent  intervals,  first  half-hourly  after  injection,  then  daily  and  weekly. 
Radiophosphorus  was  reinjected  after  eight  and  twelve  weeks,  and  the  measure¬ 
ments  were  repeated  (Fig.  2). 

The  findings  after  quadrant  resection  were  similar  to  those  produced  by 
nerve  resection.  The  degree  of  the  differences  appeared  to  exceed  the  variations 
found  by  the  previous  methods. 

P”  Variance  in  Extracted  Teeth  After  Unilateral  Disuse. — In  animals  with 
unilaterally  functioning  teeth,  infiammatorj"  changes  on  the  gingivae  opposing 
the  edentulous  quadrant  were  observed  frequently.  The  phosphorus  uptake 
and  retention  in  these  mucosal  tissues  were  often  higher  than  on  the  normally 
functioning  side.  Increased  uptake  in  tissue  with  inflammatorj'  changes 
has  been  described,’^  and  the  possibility  of  background  infiuence  from  the 
mucosa  on  topical  measurements,  despite  shielding,  had  to  be  considered.  There¬ 
fore,  in  the  two  monkeys  in  which  the  upper  left  quadrant  of  teeth  had  been 
extracted  three  months  previously,  both  lower  first  molars  were  removed  one 
week  following  the  intraperitoneal  injection  of  500  ^c  of  P^*. 

Subsequently  each  tooth  was  weighed  and  digested  in  concentrated  hydro¬ 
chloric  acid.  The  resulting  solution  was  diluted  to  25  c.c.,  and  aliquots  were 
taken  for  measurement  of  radioactivity  using  the  M-6  counter  tube  described  by 
Veall.**  Activity  was  determined  in  counts  per  minute  per  gram  of  tooth. 


Table  I 

KEI.ATIVE  Radioactivity  ok  Functioning  and  Nonfunctioning  Molars  Determined  by 
Acid  Dissolution  of  Whole  Tooth 


COUNTS  PER  MIN.  PER  GRAM 

OF  TOOTH 

MONKEY 

TEETH 

LEFT  (NON-  RIGHT 

FUNCTIONING)  (FUNCTIONING) 

PER  CENT 

DIFFERENCE 

Q1  First  permanent  molars  9,890  8,880  10.2 

Q1  First  and  second  deciduous  .5,490  4,850  11.7 

molars,  pooled 

Q2  First  permanent  molars  418  236  43.5 

These  figures  represent  the  activity  in  the  entire  tooth,  while  the  topical 
measurements  from  the  occlusal  surface  indicated  the  enamel  activity  only. 

The  fact  that  penetration  of  beta  radiation  from  the  dentin  was  negligible 
was  established  by  gradually  grinding  down  a  molar  from  the  root  to  the  occlusal 
surface.  Values  in  topical  measurement  from  the  surface  remained  uninfiuenced 
by  the  bulk  of  the  tooth  or  by  its  gradual  disappearance,  until  a  thickness  of  less 
than  1  mm.  w^as  reached. 

DISCUSSION  AND  CONCLUSIONS 

Comparing  the  results  obtained  by  different  methods,  it  appears  that  there 
exist  differences  of  P-^®  uptake  and  retention  in  the  molars,  depending  on  func¬ 
tion  and  nonfunction.  The  process  involved  cannot  readily  be  explained  because 
of  the  apparent  incongruity  of  an  increased  P^*  uptake  and  retention  in  the 
nonfunctioning  molars.  In  sifting  the  findings  on  other  tissues,  we  meet  a 
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similar  phenomenon  in  the  muscle.  Artom^®  found  that  denervation  was  followed 
by  a  pronounced  increase  in  the  capacity  of  the  muscle  to  deposit  labeled 
phosphorus.  These  observations  were  confirmed  by  Friedlander,  Perlman,  and 
Chaikoff,^®  who  also  noted  an  increase  in  the  uptake  of  P®*  in  muscles  after 
nerve  resection. 

Parallel  to  the  observations  on  the  teeth  in  relation  to  disuse,  we  immobi¬ 
lized  one  limb  of  a  rhesus  monkey  by  applying  a  plaster  cast  for  a  period  of  two 
months.  A  trend  of  P®^  retention  in  bone  and  muscle  was  revealed,  tending 
in  the  same  direction  as  in  the  nonfunctioning  teeth,  and  a  similar  change  in  the 
phosphorus  uptake  could  be  produced  locally  in  bone  by  resection  of  the 
muscles  inserted  in  the  region. 

We  do  not  possess  data  on  the  exchange  pattern  of  other  ions  under 
similarly  abnormal  functional  conditions  of  the  teeth.  Metabolism  as  influenced 
by  exercise  may  be  traced  better  by  carbon,  potassium,  or  sodium.  In  the 
muscle,  function  had  entirely  different  effects  on  potassium,  as  compared  to 
phosphorus,  interchange.^^ 

The  exchange  of  phosphorus  in  the  living  tooth  may  be  in  part  a  physical 
phenomenon,  although  greatly  influenced  and  controlled  in  its  degree  by  the 
prevailing  biologic  conditions. 

If,  in  a  physical  exchange  concept,  the  size  and  accessibility  of  crystal 
surfaces  are  of  consequence  in  exchange  reactions,  an  increase  in  microporosity 
going  hand  in  hand  with  an  increased  water  content*®’  *®  found  in  tissues  with 
lessened  function  may  possibly  play  a  role  as  a  physical  basis  for  the  difference 
in  the  turnover  rate  characteristics.  However,  the  extent  of  these  structural 
differences  seems  too  minute  to  account  for  the  large  variation  in  the  affinity  to 
labeled  phosphorus. 

In  attempting  to  explain  the  variance  of  the  phosphorus  turnover  with 
function  and  nonfunction  as  a  biologic  phenomenon,  it  is  conceivable  to  ascribe 
it  to  an  active  adaptive  process,  involving  the  molecular  rebuilding  and  rearrange¬ 
ment  of  the  tissue  in  response  to  abnormal  functional  circumstances. 

SUMMARY 

1.  A  markedly  greater  retention  of  radioactive  phosphorus  was  found  in  the 
nonfunctioning  halves  of  monkey  dentitions  as  compared  with  functioning  halves. 

2.  The  same  trend  was  noticed  whether  disuse  was  produced  by  unilateral 
motor  nerve  section,  by  unilateral  muscle  resection,  or  by  removal  of  one 
quadrant  of  teeth. 

3.  Frequent  measurements  were  made  topically  from  the  molar  surface  in 
the  mouth  of  the  monkey  with  a  small  end-window  Geiger-Miiller  counter,  and 
were  repeated  after  extraction. 

4.  It  appears  that  the  exchange  of  phosphorus  ions  in  the  tooth  depends  on 
biologic  variables  and  that  function  may  manifest  itself  as  a  factor  affecting  the 
ionic  balance  and  turnover  rate. 
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INCIDENCE  OF  DENTAL  CARIES  IN  CHILDREN 
1  TO  6  YEARS  OP  AGE 

BHIM  SEN  SAVAEA,  B.D.S.,  L.D.S.,  M.S.,  AND  THEODORE  SUHER,  D.M.D.,  M.S. 
University  of  Oregon  Dental  School,  Portland,  Ore. 

INTRODUCTION 

Epidemiological  surveys  on  dental  caries  conducted  in  the  last  two 
decades  have  resulted  in  increased  attention  to  prevention  and  control. 
However,  prevention  has  been  mostly  for  the  permanent  dentition,  while  pre¬ 
school  and  kindergarten  children  (during  the  primary  or  mixed  dentition) 
have  received  little  attention  for  either  prevention,  control,  or  treatment 
(Pediatric  Survey^.  One  reason  for  this  apparent  neglect  is  that,  whereas 
a  large  number  of  studies  on  the  prevalence  of  dental  caries  has  been  con¬ 
ducted  in  school  children  and  adults  (Klein,  Palmer,  and  Knutson,^  Klein 
and  Palmer,®  Day  and  Sedwick,*  Sloman  and  Sharp,®  Brekhus,®  and  others), 
little  is  known  for  children  under  6  years  of  age. 

In  1943,  the  American  Association  of  Public  Health  Dentists,^  while  in¬ 
dicating  that  the  measurement  of  caries  in  primary  teeth  is  difficult  because 
of  the  variations  in  the  exfoliation  time,  adopted  a  dental  examination  form 
for  recording  dental  caries  of  primary  teeth  in  children.  The  system  was 
symbolized  with  the  lower-case  letters,  “def,”  in  which  “d”  indicates  de¬ 
cayed  primary  teeth  indicated  for  filling,  “e”  indicates  decayed  primary  teeth 
indicated  for  extraction,  and  “f”  denotes  filled  primary  teeth. 

The  relative  absence  of  information  on  the  incidence  of  caries  in  children 
under  6  years  of  age  and  the  availability  of  a  standardized  epidemiological 
method^  for  the  evaluation  of  dental  caries  prompted  this  investigation. 

A  review  of  the  literature  on  prevalence  of  dental  caries  in  children  up 
to  6  years  of  age  is  summarized  in  Table  The  collection  of  data  and  de¬ 

termination  of  the  prevalence  of  any  disease  require  certain  criteria.  The 
requirements  essentially  are,  first,  that  the  personnel  used  should  be  competent 
and  well  trained  for  determining  the  presence  and  the  extent  of  the  disease. 
Second,  the  method  used  for  the  assessment  of  the  disease  should  be  simple 
to  permit  examination  of  large  samples,  standardized  so  as  to  be  reproducible 
by  other  investigators,  and  quantitative  to  permit  easy  statistical  evaluation. 
All  this  should  not  be  attained  by  losing  accuracy  in  diagnosis.  Third,  the  size 
as  well  as  the  selection  of  the  sample  should  be  determined  carefully  so  as  not 
to  bias  the  findings.  Fourth,  the  method  of  analyzing  the  data  should  be 
standardized  so  that  comparison  with  other  investigations  in  other  parts  of 
the  country  can  be  carried  out  easily  and  effectively,  thereby  aiding  in  the 
determination  of  any  variable  factors  influencing  the  course  of  the  disease. 

This  study  received  partial  support  from  the  OreRon  State  Board  of  Dental  Examiners. 
Received  for  publication,  Aug.  17,  1953. 
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Variations  in  these  criteria  have  resulted  in  accumulations  of  data  which  can¬ 
not  be  evaluated  properly,  so  that  only  a  few  of  the  studies  listed  in  Table  I 
can  be  compared  with  each  other. 

In  Table  I,  the  first  column  gives  the  name  of  the  author  and  the  year  in 
which  the  investigation  was  published.  Method  of  examination  is  subdivided 
into  the  personnel  conducting  the  examination  and  the  instruments  used.  Dif¬ 
ferent  age  groups  reported  are  in  the  third  column.  The  rest  of  the  table  gives 
information  regarding  the  method  of  presentation  of  the  data  by  the  author, 
and  the  last  column  lists  the  other  variable  factors  infiueneing  the  findings, 
making  the  study  unfit  for  comparison  with  other  surveys,  and  thereby  limit¬ 
ing  its  usefulness. 

MATERIALS 

Six  hundred  fifty  children,  1  to  6  years  of  age,  living  in  Portland,  Oregon, 
attending  nurseries,  kindergarten,  and  grade  schools,  were  examined  for  the 
presence  of  dental  caries.  As  the  sample  included  the  total  child  population 
available  in  Portland  nurseries,  it  would  constitute  a  relatively  valid  random 
.sampling  of  the  preschool  population.  Five  of  the  nine  nurseries  were  financed 
partially  or  completely  by  welfare  agencies,  while  four  were  supported  by 
tuition  only.  One  hundred  nineteen  children  attending  public  school  in 
kindergarten  and  first  grade  were  included,  as  the  nursery  school  children 
had  an  age  limit  of  5  years. 

METHODS 

The  examinations  were  carried  out  under  good  lighting  conditions  with 
Xo.  3  plain  mirrors  and  fine-pointed  pigtail  explorers  by  the  investigators. 
The  alternate  child  went  to  one  of  the  examining  teams.  Each  team  consisted 
of  a  dentist  trained  in  epidemiological  examination  technic  for  dental  caries 
and  a  dental  hygienist  who  acted  as  the  recorder.  The  def  index  of  recording 
the  caries  experience  in  primary  teeth,  as  proposed  by  Gruebbel,”  was  used. 
In  addition,  teeth  which  were  undoubtedly  missing  because  of  caries  were  also 
recorded.  Incidence  of  dental  caries  in  the  first  permanent  molars  was  recorded 
as  DMF  teeth  or  tooth  surfaces.  Teeth  designated  as  carious  were  those  which 
showed  actual,  although  frequently  small,  cavities.  The  lesions  recorded  were 
those  which  were  readily  found  on  careful  clinical  inspection.  Deep  pits  and 
fissures  were  not  recorded  as  carious  if  they  were  not  considered  carious  after 
thorough  inspection  and  exploration. 

An  affected  tooth  was  counted  only  once,  that  is,  a  tooth  with  a  filling  on 
the  occlusal  surface  and  decay  on  the  mesial  surface  was  counted  as  a  decayed 
tooth,  for  the  total  def  score  or  for  the  individual  component  d  denoting  de¬ 
cayed  tooth.  The  same  basis  was  used  for  the  permanent  teeth  as  well  as  for 
the  analysis  of  affected  surfaces. 

The  children  were  segregated  into  separate  age  groups  according  to  their 
last  birthday.  Children  of  other  than  the  white  race  were  excluded  to  elim¬ 
inate  bias.  Analysis  of  the  data  was  carried  out  following  the  statistical 
methods  of  Snedecor.” 


Table  I 

Review  of  Literature  of  Dentai-  Caries  in  North  American  Children  1  to  6  Years  of  Age 
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FINDINGS 

Fig.  1  shows  the  age  and  sex  distribution  of  650  children  examined.  The 
distribution  of  boys  and  girls  is  comparable  (335  boys  and  315  girls).  The 
distribution  of  children  is  equal  from  3-  to  6-year  age  groups.  There  are 


Fig.  1. — Age  and  sex  distribution  of  660  children  examined  in  Portland  (Oregon)  nurseries. 
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eighteen  l-year-old  children,  while  the  2-year-old  age  group  with  sixty-five 
children  (twenty-eight  boys  and  thirty-seven  girls)  may  permit  statistical 
evaluation. 


KIk.  2. — Prevalence  of  dental  carles  (percentage  of  children  affected)  in  children  1  to  6  years 
of  age  attending  Portland  nurseries. 


Prevalence  of  Dental  Caries. — Children  at  1  and  2  years  of  age  had  22.2 
per  cent  and  23.1  per  cent  decay  (def  index),  respectively  (Table  II  and 
Fig.  2).  The  prevalence  of  the  disease  increased  rapidly  to  61.8  per  cent  af¬ 
fected  at  3  years,  and  the  trend  continued  at  a  slower  rate  after  that.  At 
4,  5,  and  6  years,  70.9,  78.3,  and  83.3  per  cent  of  the  children  were  affected 
in  that  order. 
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Table  II 

Prevalence  of  Dental  Caries  (Per  Cent  Affected)  in  650  Children  1  to  6  Years  of  Age 


AGE 

(yr.) 

BOYS  1 

GIRLS  1 

COMBINED 

NO.  OF 

CHU.DREN 

%  WITH 

1  CARIES 

NO.  OF 

CHILDREN 

NO.  WITH 
CARIES 

%  WITH 
CARIES 

NO.  OF 
CHILDREN 

NO.  WITH 

CARIES 

%  W’lTH 
CARIES 

1 

9 

33.3 

9 

1 

11.1 

18 

4 

22.2 

2 

28 

7 

25.0 

37 

8 

21.6 

65 

15 

23.1 

3 

66 

38 

57.6 

57 

38 

66.7 

123 

76 

61.8 

4 

71 

47 

66.2 

63 

48 

76.2 

134 

95 

70.9 

5 

97 

79 

81.4 

87 

65 

74.7 

184 

144 

78.3 

6 

64 

54 

84.4 

62 

51 

82.3 

126 

105 

83.3 

Total 

335 

228 

68.1 

315 

211 

67.0 

650 

439 

67.5 

The  sudden  increase  of  23.1  per  cent  affected  to  61.8  per  cent  at  3  years 
can  be  explained  on  the  basis  of  the  eruption  of  the  first  and  second  primary 
molars.  The  number  of  children  affected  increases  at  a  slower  rate  at  4,  5,  and 
6  years  because  no  new  teeth  are  erupting  and  the  number  of  teeth  available 
for  attack  by  dental  caries  is  decreasing  with  increase  in  age. 

Further  analysis  of  these  data  was  made  according  to  the  sex  distribution 
of  children,  and  it  was  found  that  the  girls  had  a  higher  incidence  of  dental 
caries  at  3  and  4  years  as  compared  to  boys.  This  difference  was  reversed  at 
5  years,  but  was  not  significant  at  any  age  level. 

Dental  Caries  Experience. — 

def  teeth:  The  average  number  of  def  teeth  per  child  (Table  IIIA,  Table 
1 1  IB,  and  Fig.  3A)  was  0.67  at  1  year,  0.83  at  2  years,  and  rose  to  2.72  def 


Table  II I A 

I.vciDENCE  OF  De.ntal  Caries  (def  Teeth)  IN  650  Children  (Boys  and  Girls  Combined) 

1  to  6  Years  of  Age 


•  AGE 
(YR.) 

NO.  OF 
CHILDREN 

AVERAGE  1 

def  TEETH 

PER  CHILD 

STANDARD 

1  DEVIATION 

MEDIAN  OF 
def  TEETH 

RANGE  OF 
DISPERSION 

1 

18 

±1.87 

0  to  12 

2 

65 

0.83 

0 

0  to  15 

3 

123 

2.72 

±3.05 

2 

0  to  19 

4 

134 

±4.23 

4 

0  to  16 

5 

184 

4.76 

±4.06 

4 

0  to  16 

6 

126 

5.13 

±3.73 

6 

0  to  8 

Table  IIIB 


Incide.vce  of  Dental  Caries  (def  Teeth  and  def  Tooth  Bvrfaces) 
FOR  Boys  and  Girls  1  to  6  Years  of  Age 


BOYS 

GIRLS 

AVERAGE  .NO.  OF  def 

1  AVERAGE  NO.  OF 'def 

AGE 

NO.  OF 

TOOTH 

NO.  OF 

TOOTH 

(YR.) 

CHILDREN 

TEETH 

SURFACES 

CHILDREN 

TEETH 

SURFACES 

AVERAGE  dcf  TEETH 
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teeth  per  child  at  3  years  of  age.  The  average  number  of  def  teeth  per  child 
at  4,  5,  and  6  years  of  age  was  4.04,  4.76,  and  5.13,  respectively.  Difference  in 
the  incidence  of  decay  between  boys  and  girls  was  insignificant. 

The  increase  of  approximately  two  carious  teeth  from  2  to  3  years  of  age 
supports  the  earlier  contention  of  increase  in  prevalence  of  dental  caries  at  3 
years  of  age  being  influenced  by  the  eruption  of  the  second  primary  molars. 
This  indicates  that  the  oral  cavity  becomes  more  susceptible  to  dental  caries 
with  the  completion  of  eruption  of  the  primary  molar  teeth,  a  trend  which  is 
still  apparent  at  4  years  of  age.  The  decreased  involvement  of  teeth  by  caries 
at  5  and  6  years  of  age  is  due  to  the  decreased  number  of  ssuceptible  teeth 
available  for  caries  attack. 

Dental  caries  is  an  accumulative  disease,  and  its  prevalence  increases  with 
age.  A  more  accurate  statistical  interpretation  of  data  of  this  disease  in  its 
incipient  stages  is  illustrated  in  Fig.  SB,  which  shows  the  percentile  distribu¬ 
tion  of  children  according  to  the  number  of  def  teeth.  The  data  are  illus¬ 
trated  at  three  class  intervals,  that  is,  1  and  2  years,  3  and  4  years,  5  and  6 
years,  thus  reducing  the  number  of  lines  on  the  graph  and  emphasizing  the 
salient  features. 

It  is  inaccurate  to  use  the  term  “average  amount  of  decay”  at  certain 
age  levels,  as  a  relatively  small  portion  of  the  population  is  affected,  and 
the  term  “average”  does  not  discriminate  and  point  out  such  variations  in  af¬ 
fected  populations.  For  example,  at  1  and  2  years,  79  per  cent  of  the  children 
had  no  decay  (Fig.  SB) ;  only  33  per  cent  of  the  3-  and  4-year-old  children  had 
no  decay;  and  only  19  per  cent  of  the  5-  and  6-year-old  children  were  caries 
free.  To  illustrate  further,  only  1  per  cent  of  the  2-year-old  children  showed 
as  many  as  six  carious  teeth,  whereas  16  per  cent  of  the  5-  and  6-year-old 
children  had  this  many  affected  teeth.  Taking  this  into  consideration,  the 
standard  deviation,  the  median,  and  the  range  of  dispersion  of  carious  teeth 
(def)  for  each  age  group  were  computed  and  are  shown  in  columns  three, 
four,  and  five  of  Table  III  A.  These  figures  aid  in  proper  interpretation  of  the 
true  incidence  of  caries  in  its  earlier  stages.  For  example,  at  2  years  of  age, 
the  average  child  had  0.83  affected  teeth,  whereas  the  median  value  was  0, 
showing  that  the  central  tendency  for  that  age  group  was  to  have  no  caries. 
This  indicates  that  less  than  50  per  cent  of  the  children  were  affected  (as  seen 
in  Table  II,  only  fifteen  of  sixty-five  children  had  carious  teeth).  The  range 
of  dispersion  for  these  2-year-old  children  is  0  to  12. 

def  tooth  surfaces:  Incidence  of  the  average  number  of  def  tooth  surfaces 
involved  is  seen  in  Table  IlIB  and  Fig.  3A.  In  general,  the  average  girl  showed 
a  lower  incidence  of  dental  caries  before  3  years  as  compared  to  the  boy,  but 
this  incidence  was  reversed  after  3  years  of  age,  and  the  difference  was  not 
significant  at  any  age  level. 

The  average  boy  had  one  surface  involved  at  1  and  2  years,  and  3.9  sur¬ 
faces  at  3  years.  The  incidence  doubled  to  7.2  surfaces  at  4  years,  and  re¬ 
mained  steady  at  5  and  6  years,  the  involvement  being  8.9  and  10.0  def  tooth 
surfaces  per  child. 


PERCENT  OF  CHILDREN  AFFECTED 
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Girls  showed  less  than  one  surface  involved  at  1  and  2  years,  3.9  surfaces 
affected  at  3  years,  7.3  surfaces  at  4  years.  The  involvement  of  surfaces  in 
girls  was  higher  than  boys  at  5  and  6  years,  being  9.4  and  11.3,  respectively. 
The  ratio  betwen  teeth  and  def  tooth  surfaces  was  1 :1  at  1  and  2  years,  1 :1.5 
at  3  years,  and  increased  to  1 :2  at  4,  5,  and  6  years. 

Analysis  of  d,  e,  and  f  Teeth. — Table  IlIC  shows  that  0.67  decayed  tooth 
(teeth  requiring  restorations)  per  child  was  present  at  1  and  2  years  of  age. 
The  figures  were  2.63  and  3.45  at  3  and  4  years,  respectively,  and  3.64  and  3.40 
at  5  and  6  years  of  age,  respectively.  The  average  number  of  fillings  present 
in  each  child’s  mouth  increases  from  0.09  at  3  years  to  0.45  at  4  years  and 
to  1.6  at  6  years.  As  stated  earlier,  some  teeth  which  had  caries  as  well  as 
fillings  were  counted  as  decayed  teeth  and  are  therefore  not  included  in  these 
figures  of  filled  teeth. 

Column  5  of  Table  llIC  gives  the  average  number  of  teeth  “indicated 
for  extraction.”  Fig.  3C  shows  the  same  incidence  graphically  in  comparison 
with  the  decayed,  extraction  indicated,  and  filled  teeth.  Maximum  teeth  in¬ 
dicated  for  extraction  is  0.13  tooth  per  child  or  thirteen  teeth  per  2,000  teeth 
(or  per  100  children)  at  6  years  of  age.  It  should  be  clarified  here  that  the 
average  child  who  has  teeth  with  extensive  decay,  that  is,  indicated  for  ex¬ 
traction,  would  tend  to  have  more  than  one  tooth  in  this  category  because  of 
the  bilaterality  and  symmetrical  distribution  of  dental  caries.  The  number 
of  teeth  that  are  recommended  for  extraction  because  of  caries  therefore  ap¬ 
pears  to  be  insignificant  in  relation  to  the  total  caries  incidence  for  these  chil¬ 
dren  at  any  age  level. 


Table  IIIC 

Average  Number  of  def  Teeth  (Decayed,  Extractiok  Indicated,  and  Filled) 
FOR  Children  1  to  6  Years  of  Age 


AGE 

(YR.) 

NO.  OF 
CHILDREN 

AVERAGE  NO. 
def  TEETH 

PER  CHILD 

AVERAGE  NO. 
DECAYED  (d) 
TEETH  PER 

CHILD 

AVERAGE  NO. 
EXTRACTIONS 
(e)  INDICATED 
PER  CHILD 

AVERAGE  NO. 
FILLED (f) 
TEETH  PER 

CHILD 

1 

18 

0.67 

0.67 

0.00 

2 

65 

0.83 

0.67 

0.00 

3 

123 

2.72 

2.63 

0.00 

4 

134 

4.05 

3.54 

0.06 

0.45 

5 

184 

4.76 

3.64 

0.03 

6 

126 

5.13 

3.40  ■ 

0.13 

1.60 

Dental  Caries  in  the  First  Permanent  Molar. — Table  IV  presents  the  data 
of  carious  first  permanent  molars  at  5  and  6  years  of  age.  One  or  more  de¬ 
cayed  first  permanent  molars  were  present  in  29.7  per  cent  of  children  at  5 


Table  IV 

Prevalence  of  Dental  Caries  in  the  First  Permanent  Moi.ars  at  5  and  6  Years  of  Age 


AGE  ! 

NO.  OF  CHILDREN  WITH 

CHILDREN  WITH 

TOTAL  NO.  OF 

1  OR  MORE  MOLARS 

AFFECTED  MOLARS 

FIRST  MOLARS 

AFFECTED  MOLARS 

(YR.) 

1  ERUPTED 

NO.  1  % 

AVAILABLE 

NO.  1  % 

5  37  11  29.7  93  24  25.8 

6  80  37  40.3  265  106  40.0 
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years  of  age  and  in  46.3  per  cent  of  children  at  6  years  of  age.  Table  V  further 
shows  that  25.8  per  cent  of  the  first  molars  were  decayed  at  5  years,  and  the 
incidence  rose  to  40.0  per  cent  at  6  years. 


Table  V  presents  the  compilation  of  the  incidence  of  dental  caries  at  5 
and  6  years  of  age  as  a  combined  value  of  def  teeth  and  DMF  teeth.  It  was 
felt  that  the  combined  values  would  give  a  more  complete  picture  of  the  status 
of  dental  caries  in  the  average  child’s  mouth  at  these  ages  than  either  one  of 
these  indices.  The  combined  score  is  4.89  def  and  DMF  teeth  at  5  years  and 
5.97  at  6  years  of  age. 

A  closer  examination  reveals  that  the  major  portion  of  the  increase  is 
provided  by  the  DMF  rate  (the  first  permanent  molar),  whereas  the  rate  of 
involvement  of  the  primary  teeth  shows  a  tendency  to  decrease  after  5  years 
of  age. 
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Table  V 

(Combined  Incidence  of  def  Teeth  and  DMF  Teeth  of  Children  Aged  5  and  6  Years 


AGE 

NO.  OF  CHILDREN 

(YR.) 

def  teeth 

DMF  TEETH 

COMBINED  SCORE 

184 

5 

4.76 

0.13 

4.89 

126 

6 

5.13 

0.84 

5.97 

Comparison  of  Missing  Primary  Teeth  and  Teeth  Indicated  for  Extrac¬ 
tion. — It  was  felt  that  the  validity  of  the  def  index  should  be  tested  for  chil¬ 
dren  1  to  6  years  of  age,  as  the  teeth  which  have  been  lost  through  caries  are 
not  included  and,  perhaps,  may  constitute  an  important  part  of  a  child’s  total 
caries  experience,  and  the  primary  teeth  exfoliated  up  to  6  years  of  age 
(incisors)  can  be  determined  and  eliminated.  Table  VI  indicates  that  the  max¬ 
imum  number  of  missing  teeth  was  0.12  per  child  at  6  years.  This  number  is 
small  and  could  readily  be  due  to  human  error. 

Thus,  scoring  of  missing  primary  teeth  in  addition  to  the  total  count  of 
dental  caries  experience  is  of  little  value  in  children  under  7  years  of  age. 

Table  VI  also  compares  the  incidence  of  e  to  M  teeth.  The  incidence  in 
both  the  items  is  negligible,  and  if  not  recorded  would  not  have  biased  the 
findings  in  this  investigation. 


Table  VI 

Incidence  of  Primary  Teeth  Indicated  for  Extraction  and  Missing  Teeth  in  650 
Children  1  to  6  Years  of  Age 


AGE 

(YR.) 

NO.  OF  1 

CHILDREN 

MISSING  TEETH 

TEETH  INDICATED  tXJR 

EXTRACTION 

TOTAL 

AVERAGE 

PER  CHILD 

TOTAL 

AVERAGE 

PER  CHILD 

1 

18 

0 

00.0 

0 

00.0 

2 

65 

0 

00.0 

0 

00.0 

3 

118 

2 

00.02 

0 

00.0 

4 

134 

3 

00.02 

8 

00.06 

5 

184 

17 

00.09 

5 

00.03 

6 

126 

15 

00.12 

17 

00.13 

DISCUSSION 

Brekhus**  found  that  dental  caries  experience  showed  a  definite  and  sig¬ 
nificant  increase  every  decade  in  freshman  students  in  Minnesota.  It  was  felt 
that  a  comparison  of  the  present  investigation  (data  were  collected  during 
winter  1950-1951)  with  other  investigations  carried  out  more  than  ten  years 
ago  would  not  yield  any  conclusive  findings.  The  comparison  of  the  present 
study,  therefore,  was  made  with  children  from  three  other  towns  in  Oregon, 
.six  groups  of  children  in  other  parts  of  the  United  States,  and  one  group  of 
children  from  Canada  (Table  VII). 

Incidence  for  Portland,  Bend,  and  Tigard  children  was  very  similar  at  6 
years  of  age,  while  that  of  Corvallis  children  (Hadjimarkos)  was  0.5  def 
tooth  higher.  This  difference  between  Corvallis  and  Portland  children  could 
be  attributed  to  consistent  use  of  chip  syringe  for  drying  the  teeth  during  ex¬ 
amination. 
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Table  VII 


Comparison  op  Incidence  op  Dental  Caries  (dep  Teeth)  in  Children  op  1  to  6  Years 
Between  the  Present  and  Twelve  Other  Studies 


AUTHOR 

1  1  1 

2  1 

3  i 

4  1 

5  1 

6  1 

COMMENTS 

Savara  and  Suher 

(present  .study)  (1951) 
Witter2« 

0.67 

0.83 

2.72 

4.05 

4.76 

5.13 

Prefluoridation 

(Bend,  Ore.)  (1953) 

- 

- 

- 

- 

- 

5.3 

study 

Witter*^ 

(Tigaril,  Ore.)  (1952) 
Hadjimarko82< 

- 

- 

- 

— 

5.26 

Prefluoridation 

(Corvallis,  Ore.)  (1952) 

- 

- 

- 

- 

4.48 

5.67 

study 

Fulton25 

(Illinois)  (1941) 

0.02 

0.22 

1.06 

2.82 

4.07 

- 

(Cleveland,  Ohio) 

Dean,  Arnold,  Jay,  and  Knut- 

- 

— 

- 

5.38 

6.19 

Fluoridation  study 

son23 

(Grand  Rapids)  (1944-45) 

- 

- 

- 

4.2 

5.4 

6.4 

(1949-50) 

- 

- 

.  - 

2.7 

3.3 

4.6 

(Aurora)  (1945-46) 

- 

- 

- 

2.1 

2.8 

3.4 

(Muskegon)  (1944-45) 

- 

- 

- 

- 

6.8 

7.2 

(1949-50) 

- 

- 

- 

4.4 

5.6 

6.0 

Wisan  and  Chilton*!  (1948) 

- 

- 

— 

3.10 

3.62 

4.24 

MeLaren22  (1948) 

- 

- 

- 

- 

3.4 

4.5 

Computed 

Dental  caries  experience  at  1,  2,  and  3  years  of  age  is  higher  in  children  at 
Portland,  Oregon,  as  compared  to  that  of  Illinois  children  reported  by  Fulton;” 
The  difference  in  incidence  between  the  two  groups  increases  at  4  years  and 
decreases  at  5  years.  It  is  interesting  to  observe  that  the  incidence  of  caries 
at  4  years  in  Portland  children  is  equal  to  the  incidence  in  Illinois  children  at 
5  years  of  age.  The  yearly  increase  is  maximum  at  3  and  4  years  of  age  in 
the  Portland  children  whereas  it  is  maximum  at  4  and  5  years  in  Illinois  chil¬ 
dren. 

Fulton’s  analysis  of  the  data  of  Cleveland,  Ohio,  children  revealed  a 
higher  incidence  of  caries  at  5  and  6  years  of  age,  the  difference  between  the 
averages  at  6  years  of  age  being  1.06  def  teeth.  It  appears  that  Cleveland 
children  have  a  higher  rate  of  decay  as  compared  to  Portland  children  and 
the  accelerated  rate  tends  to  continue  for  a  longer  period,  whereas  caries  rate 
in  Portland  children  slowed  down  after  5  years  of  age. 

Incidence  of  dental  caries  of  children  at  Grand  Rapids,  Michigan,  was 
higher  in  1944-1945  than  that  of  Portland  children,  whereas  the  figures  ob¬ 
tained  after  five  years  of  fiuoridation  (1949-1950)  are  lower.  However,  Aurora 
children  showed  still  a  lower  incidence.  Muskegon  children  used  as  a  con¬ 
trol  group  had  higher  incidence  than  Portland  children  in  1944-1945  and  1949- 
1950.  Figures  for  1949-1950  Muskegon  children  indicate  a  decline  in  the  rate 
of  involvement  after  5  years,  similar  to  the  one  reported  for  Portland  chil¬ 
dren  at  4  years.  Chilton  and  Wisan’s^^  report  indicates  a  similar  trend  of  a 
large  increase  at  5  years  as  compared  to  4-year-old  children,  with  an  incidence 
of  3.10  at  4  years  indicating  a  fairly  high  caries  attack  rate  during  2  and  3 
years  of  age.  McLaren*®  reported  a  similar  incidence  at  5  years  for  Toronto 
children. 
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Columns  2  and  3  of  Table  VIII  compare  the  incidence  of  first  permanent 
molars  at  5  and  6  years  of  age  in  various  studies.  Incidence  was  low  at  Bend, 
Oregon  (Witter*®).  Grand  Rapids  children,  1949-1950,  after  fiuoridation 
showed  a  low  incidence  equal  to  Aurora.  Wisan  and  Chilton*^  reported  a 
high  incidence  of  1,054  DMF  teeth  for  their  6-year-old  children.  In  children 
5  years  of  age,  McLaren**  reported  a  high  incidence  which  compared  favorably 
with  5-year-old  children  examined  by  Wisan  and  Chilton  and  6-year-old  chil¬ 
dren  reported  by  most  of  the  investigators. 

Table  VIII 


Comparison  of  Incidence  of  Dental  Caries  of  First  Permanent  Molar  and  Combined 
DF.F  AND  DMF  Teeth  in  5-  and  6- Year-Old  Children 


DMF  TEETH  OF  FIRST 
PERMANENT  MOLARS 

COMBINED  def  AND 
DMF  SCORES 

AUTHOR 

1  5  YR. 

6  YR. 

1  5  YR.  1 

6  YR. 

COMMENTS 

8avara  and  Suher 

(present  study)  (1951) 

Witter28 

0.13 

0.84 

4.89 

5.97 

Prefluoridation 

(Bend,  Ore.)  (1953) 

- 

0.38 

- 

5.68 

study 

Witter22 

(Tigard,  Ore.)  (1952) 
Hadjimarkos24 

0.77 

- 

6.03 

Prefluoridation 

(Corvallis  Ore.)  (1952) 

- 

0.75 

4.48 

6.42 

study 

Dean,  Arnold,  Jay,  and  Knutson23 

(Grand  Rapids)  (1944-45) 

0.11 

0.78 

5.51 

7.18 

(1949-50) 

0.03 

0.38 

3.33 

4.98 

(Aurora)  (1945-46) 

0.06 

0.28 

2.86 

3.68 

(Muskegon)  (1944-45) 

0.06 

0.81 

6.86 

8.01 

(1949-50) 

0.14 

0.63 

5.74 

6.63 

Wisan  and  Chilton2i  (i948) 

0.64 

1.54 

4.16 

5.78 

Chilton  and  Greenwaldi®  (1947) 

_ 

0.73 

3.33 

4.38 

MoLaren22  (1948) 

0.45 

0.70 

3.85 

5.20 

Computed 

Columns  4  and  5  of  Table  VIII  show  the  comparison  of  incidence  of  total 
dental  caries  (def  and  DMF  teeth)  for  children  in  different  studies.  Incidence 
of  caries  of  Bend  children  is  slightly  low,  while  that  of  Corvallis  children  is 
slightly  high,  yet  both  could  be  a  statistical  error.  A  higher  incidence  was  re¬ 
ported  for  Grand  Rapids  children  (1944-1945),  whereas  a  lower  incidence  w'as 
reported  in  postfiuoridation  children  at  Grand  Rapids  (1949-1950)  and 
Aurora.  McLaren**  showed  the  Toronto  children  to  have  a  lower  incidence, 
whereas  Chilton  and  Greenwald*®  found  the  experience  to  be  less  in  New 
Tersey  children. 

SUMMARY 

This  investigation  is  based  on  dental  caries  examination  of  650  children, 
1  to  6  years  of  age,  attending  day  nurseries,  kindergarten,  and  grade  school, 
and  reports  the  prevalence  and  incidence  of  dental  caries  of  primaiy  teeth  in 
those  children.  Incidence  of  caries  in  the  first  permanent  molar  in  5-  and 
6-year-old  children  is  also  presented.  No  significant  sex  difference  was  found. 
The -number  of  primary  teeth  missing  (extracted  because  of  dental  caries) 
as  well  as  teeth  indicated  for  extraction  was  very  small.  Findings  of  this  study 
were  compared  to  other  studies  reported  in  the  last  ten  years  in  North 
America. 
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LOCAL  AND  SYSTEMIC  CARIOGENIC  EFFECTS  OF  REFINED 
DEXTROSE  SOLUTION  FED  TO  ONE  ANIMAL  IN  PARABIOSIS 
BENJAMIN  B.  KAMEIN 

Department  of  Anatomy,  State  University  of  New  York,  College  of  Medicine  at  New  York  City, 

Brooklyn,  N.  Y. 

The  clinical  impression  of  the  deleterious  effects  of  a  highly  refined  carbo¬ 
hydrate  diet  on  human  teeth  has  been  strengthened  by  the  findings  of  Koehne 
and  Bunting,^  Boyd,*  and  others.  Animal  experimentation  by  Shibata,®  Mc¬ 
Clure,*  Keyes,®  Elvehjem,®  and  Sognnaes^  adduced  similar  findings.  Lvind- 
quist’s®  study  of  oral  sugar  clearance  indicates  that  deproteinized  fasting  saliva 
from  normal  individuals  is  sugar  free  and  that  hyperglycemia,  whether  patho¬ 
logic  or  due  to  high  consumption  of  sugar,  does  not  entail  any  transfer  of  sugar 
to  the  saliva.  Furthermore,  he  stated  that  the  saliva  becomes  sugar  containing 
only  in  so  far  as  carbohydrates  are  secondarily  dissolved  in  it,  and  that  a  high 
sugar  concentration  in  the  saliva,  in  conjunction  with  prolonged  clearance  time, 
entails  increased  caries  activity. 

At  the  present  time,  investigations  concerning  the  etiology  of  dental  caries 
suggest  that  initiation  of  dental  caries  may  be  an  acidogenic  or  a  proteolytic 
process.  The  large  number  of  individual  variations  inherent  in  both  animal 
and  human  experimental  material  has  impeded  our  understanding  of  the  dental 
caries  processes.  Previous  reports  by  Kamrin,®  Finerty,®®  and  Gumbreck^^  have 
indicated  that  successfully  parabiosed  albino  rats  can  be  considered  to  be 
genetically  similar,  and  suggest  their  use  as  a  method  of  reducing  individual 
variation.  Thus,  in  properly  planned  experiments,  one  of  the  parabionts  (surgi¬ 
cally  united  co-twin)  may  be  utilized  as  the  experimental  animal  w'hile  the  other 
CO- twin  serves  as  a  control. 

Shibata’s®  dextrose  feeding  experiments  showed  that  this  refined  carbo¬ 
hydrate  had  cariogenic  potency,  although  KeseP*  was  unable  to  confinn  his 
results.  However,  in  previous  work,®  in  which  a  high  concentration  of  dextrose 
was  fed  to  single  and  parabiosed  animals,  it  was  found  that  the  addition  of 
refined  carbohydrate  was  instrumental  in  initiating  dental  caries.  It  was  sig¬ 
nificant  that  successfully  parabiosed  albino  rats  showed  a  similar  pattern  and 
incidence  of  dental  caries  in  both  parabionts.  This  was  not  the  case  in  unsuc¬ 
cessful  parabiotic  animals,  or  in  un-united  littermate  pairs.  There  was  no  clear 
correlation  between  the  age  or  weight  of  the  animals  and  the  incidence  of  dental 
caries.  However,  it  was  established  that  refined  dextrose  mixed  in  equal  parts 
^vith  a  balancer'  diet  will  result  in  discernible  dental  caries  by  the  forty-sixth 
day  of  age  (tv.enty-five  days  of  feeding  time)  in  the  mandibular  molar  teeth 
and  by  the  sixty-first  day  of  age  (forty  days  of  feeding  time)  in  the  maxillary 
teeth. 
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The  present  work  concerns  experiments  planned  to  determine  the  local, 
systemic,  or  combined  role  of  a  refined  monosaccharide  (dextrose)  in  the  initi¬ 
ation  of  dental  caries.  It  is  our  belief  that  in  successfully  parabiosed  animals 
(those  having  genetic  similarity,  common  circulation,  equal  metabolic  processes, 
and  equal  environment),  individual  variation  is  markedly  reduced  or  eliminated. 
Therefore,  by  feeding  a  dextrose  solution  to  one  of  the  parabionts,  both  local  and 
systemic  effects  of  the  diet  could  be  studied,  while  in  opposite  parabionts  only 
systemic  effects  would  be  operative. 

METHODS  AND  MATERIALS 

Fifty-five  pairs  of  littermates  (Wistar  albino  rats)  were  joined  in  parabiosis; 
of  these,  forty-one  pairs  survived  for  a  period  longer  than  fifteen  days.  Of 
the  survivors,  thirteen  pairs  were  maintained  on  a  ground  balanced  diet*  and 
were  sacrificed  at  periods  varj’ing  from  sixteen  to  170  days.  The  remaining 
twenty-eight  experimental-control  parabiotic  pairs  were  maintained  in  the  same 
environment  and  fed  on  the  same  balanced  diet  as  the  control  groups.  In  the 
experimental  group,  the  right  member  of  the  parabiotic  pair  was  fed  1.0  c.c. 
of  25  per  cent  dextrose  solution  daily,  and  sacrificed  after  receiving  the  dextrose 
solution  for  sixteen  to  105  days. 

The  initial  figure  of  sixteen  days  was  chosen  to  eliminate  the  unsuccessful 
parabiotic  pairs  in  w'hich  one  parabiont  remains  stunted  and  complicates  the 
problem  by  adding  the  variations  of  debility  and  autointoxication.  From  previ¬ 
ous  investigations,  it  was  found  practical  to  separate  all  parabiotic  pairs  into: 

A.  Unsuccessful  parabiosis:  Class  1 :  stunting  and  death  of  one  parabiont  with¬ 
in  fifteen  days;  Class  2:  equal  growth  of  both  parabionts  with  constant 
separation  of  the  suture  line  and  tearing  apart  of  the  animals,  alopecia  near 
operated  area,  and  poor  healing  of  wounds. 

B.  Successful  parabiosis:  Equal  growth  of  parabionts,  healthy  union  of  suture 
lines  with  complete  elimination  of  scar  by  thirtieth  day,  and  no  alopecia. 
Therefore,  it  will  be  noted  that  all  nonseparating  parabiotic  animals  surviv¬ 
ing  past  the  thirty-first  day  wdll  be  succes.sful  and  can  be  maintained  for 
long  periods  of  time. 

At  sacrifice  of  the  animals,  both  the  mandible  and  maxilla  were  excised, 
the  soft  tissues  removed,  and  the  jaws  examined  under  the  dissecting  microscope. 
Notations  were  made  at  this  time  of  the  dental  findings  as  ascertained  by  a  fine- 
pointed  probe.  The  visualization  was  facilitated  by  clearing  the  jaws  in  aniline, 
according  to  the  method  suggested  by  Leicester  and  Schamp.*®  After  six  to  ten 
days  of  clearing,  the  jaws  were  again  examined  under  the  microscope  for  any 
carious  lesions  missed  in  the  first  examination. 

Charting  was  done  on  the  following  basis: 

III  ii  I _ Y  ii  lii 

III  II  .1.  .1.  II  III 

*Food  pellets  manufactured  by  Cooperative  GLF  Marketing  Service  Inc.,  Canandaigua. 
New  York.  It  consists  of  natural  food  products  containing  44  per  cent  carbohydrates,  29  per 
cent  crude  protein,  8.28  per  cent  crude  fat,  and  1.58  per  cent  sait.  It  is  additionally  fortifled 
with  vitamins  and  minerals.  These  pellets  were  ground  so  that  75  per  cent  of  the  particles 
passed  through  a  SO-mesh  screen. 
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Each  of  the  dots  adjacent  to  a  Roman  numeral  indicates  the  number  of 
fissures  normally  present  in  that  tooth  (molar).  A  rat  showing  carious  processes 
in  all  the  available  fissures  would  have  an  incidence  of  twenty-two  fissure  caries 
or  100  per  cent  decay.  This  procedure  was  deemed  feasible  because  no  other 
area  of  the  molar  crown  was  ever  involved  in  caries  during  the  use  of  dry  or 
liquid  dextrose. 

Determination  of  glucose  levels  in  the  blood  were  by  the  Somogyi^^  method. 
Blood  was  drawn  from  the  jugular  confluence  in  the  neck  at  one-half-hour 
intervals. 

RESULTS 

The  control  group,  which  consisted  of  thirteen  pairs  of  parabiotic  albino 
rats  maintained  for  a  period  varying  from  sixteen  to  150  days  on  a  balanced 
diet  (no  refined  sugar),  was  free  of  dental  caries,  with  the  exception  of  the 
oldest  pair.  This  pair  in  parabiosis  for  150  days  (age  171  days)  developed  one 
molar  carious  cavity  in  each  rat. 

Although  the  growth  cunes  of  both  the  experimental  and  control  groups 
of  parabiotic  animals  are  similar,  the  incidence  of  dental  caries  is  markedly 
different  in  the  experimental  group.  Table  I  indicates  the  incidence  of  dental 
caries  induced  by  the  experimental  procedures.  It  is  significant  that  the  great¬ 
est  incidence  of  fissure  caries  occurs  in  the  shortest  space  of  time  when  the 
monosaccharide  feeding  is  initiated  immediately  after  weaning.  It  is  also  sig¬ 
nificant  that  the  left  parabiont,  which  received  its  glucose  through  the  systemic 
circulation  from  the  right  glucose-fed  parabiont,  had  a  mean  caries  rate  of  0.17, 
as  compared  with  2.43  for  the  experimental  animals. 


Table  I 

Incidence  of  Dental  Caries  in  Parabiosis  by  Dextrose  Solution  (Only  Right  Parabiont 
Fed  1.0  c.c.  of  25  Per  Cent  Dextrose  Solution) 


AGE  OF 
PARABIONTS 
AT  BEGINNING 

OF  DEXTROSE 

FEEDING 

(DAYS) 

DURATION 

OF 

DEXTROSE 

1  FEEDING 

1  (DAYS) 

NUM¬ 

BER 

OF 

PAIRS 

TOTAL 

POSSIBLE 
NO.  OP 
FISSURES 
IN  GROUP 

LEFT  PARABIONT 

RIGHT  PARABIONT 

TOTAL 

P.C.* 

%  OP 
F.C.* 

MEAN 

TOTAL 

P.C.* 

%  OF 
P.C.* 

MEAN 

Group  A 

21-24 

16-35 

8 

176 

4 

2.2 

0.5 

29 

16.5 

3.62 

25-28 

16-35 

4 

88 

0 

0.0 

0.0 

12 

13.6 

3.00 

Over  29 

16-35 

6 

132 

0 

0.0 

0.0 

4 

3.0 

0.66 

Average  4  total 

0.17 

45  total 

2.43 1 

Group  B 

21-24 

36-105 

3 

66 

2 

4.5 

0.66 

15 

22.7 

5.00 

25-28 

36-105 

2 

44 

0 

0.0 

0.0 

6 

13.6 

3.00 

Over  29 

36-105 

5 

110 

7 

6.4 

1.4 

35 

31.8 

7.00 

Average  9  total  0.69  56  total  5.00 1 


•f.  c.  =  Assure  carles. 

tSlEnlAcant  at  0.01  per  cent  level  by  "t”  test. 

In  the  older  age  group  of  experimental  animals,  those  over  29  days  of  age 
when  glucose  feeding  was  initiated  and  continued  for  periods  up  to  105  days, 
the'  mean  caries  formation  was  7.0  for  the  right  parabiont  and  1.40  for  the  left 


Volume  33  CARIOGENIC  EFFECTS  OF  REFINED  DEXTROSE  SOLUTION  827 

Number  6 

control  parabiont.  This  value  was  somewhat  higher  than  that  found  in  the  21- 
to-24-day  age  group,  which  was  maintained  on  the  dextrose  for  the  same  period 
of  time.  However,  combination  of  the  21-to-24-day  age  groups  of  both  A  and 
B  of  Table  I  (feeding  for  16-35  days  and  36-105  days)  clearly  indicates  the 
preponderance  of  caries  when  dextrose  feeding  is  started  immediately  after 
weaning. 

Analysis  of  the  blood  glucose  by  the  Somogyi^^  method  demonstrated  that 
there  is  no  significant  difference  in  the  amount  of  blood  glucose  between  the  right 
and  left  parabionts  despite  the  initial  feeding  of  the  right  parabiont  with  250 
mg.  of  dextrose.  Equalization  of  glucose  concentration  appears  to  occur  within 
one  hour  after  ingestion.  This  would  further  substantiate  the  belief  that  blood 
circulation  is  sufficient  in  parabiosis  to  assure  this  end. 

DISCUSSION 

Individual  variation  is  one  of  the  major  obstacles  in  ascertaining  the 
etiology  of  dental  earies.  Pre\dous  exjieriments®  on  parabiotic  littermates 
strongly  suggest  that  individual  variation  is  diminished  or  eliminated  between 
the  successfully  paired  parabionts.  This  view  is  strengthened  by  the  finding 
that  successfully  parabiosed  rats  which  are  fed  on  a  50  per  cent  dry  dextrose 
and  balanced  diet  will  form  the  same  pattern  and  incidence  of  dental  caries 
in  the  molars. 

Another  factor  which  requires  clarification  in  the  etiology  of  dental  caries, 
in  so  far  as  the  role  of  refined  carbohydrates  is  concerned,  is  whether  the  action 
is  local,  systemic,  or  a  combination  of  both.  The  present  experiment  was  devised 
to  obtain  an  answer  to  this  problem.  With  the  reduction  in  individual  variation, 
and  the  application  of  the  refined  dextrose  to  the  oral  cavity  and  gastrointestinal 
tract  of  only  one  parabiont,  it  can  be  safely  assumed  that  the  effect  of  such 
application  will  be  both  local  and  systemic  in  that  parabiont.  Huff,  Trautman, 
and  Van  Dyke^®  and  Van  Dyke,  Huff,  and  Evans^*  have  definitely  established 
that  there  is  capillary  blood  interchange  between  the  surgically  united  pairs 
equal  to  ten  or  more  times  the  blood  volume  of  each  rat,  that  is,  50  to  150  c.c. 
each  twenty-four  hours.  The  similarity  of  the  glucose  blood  level  in  each  mem¬ 
ber  of  our  parabiotic  pairs  also  indicates  uniform  blood  distribution.  From 
this  it  may  be  assumed  that  any  effect  caused  by  the  presence  of  glucose  will  be 
purely  systemic.  The  experimental  work  of  Lundquist*  on  human  beings  clearly 
demonstrated  that  hyperglycemia  does  not  entail  any  transfer  of  sugar  to  the 
saliva.  If  this  is  true  for  the  rat,  it  also  indicates  that  any  action  of  dextrose 
on  the  left  parabiont  in  the  initiation  or  facilitation  of  dental  caries  is  solely  a 
systemic  action. 

Tabulation  of  the  experimental  data,  w’hich  are  statistically  significant  at 
the  0.01  per  cent  level,  demonstrates  that  the  effect  of  feeding  1  c.c.  of  25  per 
cent  dextrose  solution  to  one  parabiont  in  the  development  of  carious  dental 
lesions  is  predominantly,  if  not  solely,  local  in  action.  Cariogenicity  is  most  evi¬ 
dent  when  dextrose  feeding  is  begun  immediately  after  weaning,  such  carious 
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lesions  being  demonstrated  as  early  as  the  sixteenth  day  of  sugar  feeding.  Pro¬ 
longed  feeding  of  dextrose  to  older  parabionts  will  also  result  in  the  decay  of 
the  molar  fissures.  Although  the  incidence  is  most  marked  in  the  mandibular 
molars,  the  maxillarj^  molars  are  not  immune.  This  finding  is  of  interest,  be¬ 
cause  many  of  the  investigators  in  this  field  believe  that  either  a  coarse  ration 
or  a  sticky  one  is  necessary  to  initiate  caries.  This  ration  was  neither  coarse 
nor  sticky,  as  little  food  was  found  impacted  in  the  fissures  except  where  caries 
were  found.  No  cavities  were  found  in  the  incisors. 

The  finding  of  dental  caries  in  the  nondextrose-fed  left  parabiont  (Group 
A:  Mean — 0.17  caries  per  rat,  and  Group  B:  Mean — 0.6  caries  per  rat)  may 
indicate  that  other  factors  should  be  considered  in  the  etiology  of  dental  caries. 
Successful  parabiosis,  itself,  is  not  a  debilitating  factor,  for  the  surgically  united 
animals  had  as  consistent  a  gain  in  weight  as  the  un-united  animals.  A  simple 
explanation  for  the  caries  phenomena  in  the  left  parabiont  may  lie  in  the  ob¬ 
servation  that  there  is  much  licking  of  the  opposite  faces  by  the  rats,  so  that 
any  spilled  or  regurgitated  dextrose  may  be  ingested  by  the  untreated  animal. 
If  this  consideration  be  true,  the  etiology  of  dental  caries  as  initiated  by 
monosaccharides  may  be  considered  to  be  wholly  local  in  action,  aided  by  the 
presence  of  acidogenic  bacteria,  as  demonstrated  by  Klein  and  Harris,'^  Parsons, 
McCollum,  and  Frobisher,^®  and  others. 

CONCLUSION 

1.  Dextrose  fed  to  the  right  parabiont  of  united  genetically  similar  i)airs 
results  in  a  high  incidence  of  dental  decay  (local  and  systemic  effects)  and  a 
negative  or  minimal  cariogenic  effect  on  the  left  parabiont  (systemic  effect  only). 

2.  Statistical  analysis  of  the  increased  incidence  of  caries  induced  by  the 
high  carbohydrate  diet  was  highly  significant  by  the  t  test. 

3.  The  addition  of  dextrose  solution  to  the  normal  balanced  diet  does  not 
appear  to  have  any  effect  upon  the  normal  growth  of  the  animals. 
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DENTAL  CARIES  IN  THE  SYRIAN  HAMSTER 

VI.  Minimal  Dental  Caries  Activity  in  Animals  Fed  Presumably 
Cariogenic  Rations 
PAUL  H.  KEYES 

Harvard  School  of  Dental  Medicine,  Boston,  Mass. 

IN  PREVIOUS  studies,  Syrian  hamsters  have  been  found  highly  susceptible 
to  dental  caries  when  maintained  under  average  laboratory  conditions,  bred 
and  raised  on  commercially  prepared  diets  with  fresh  vegetable  supplements, 
and  fed  several  types  of  nonpurified  cariogenic  rations.^'®  Other  workers  have 
occasionally  experienced  difficulty  in  reproducing  these  findings,  and  there  has 
always  been  considerable  variation  in  caries  susceptibility  between  animals, 
including  littermates. 

This  study  was  undertaken  as  an  attempt  to  obtain  a  somewhat  more  uni¬ 
form  incidence  of  dental  caries  in  Syrian  hamsters  by  (1)  careful  control  of 
breeding,  (2)  maintaining  uniform  laboratory  conditions,  (3)  use  of  purified 
or  semipurified  diets,  and  (4)  precise  control  of  the  experimental  period,  from 
twenty-one  to  121  days. 

PROCEDURE 

In  February,  1950,  three  female  and  three  male  hamsters  were  obtained 
for  breeding  purposes  from  the  hamster  colony  at  the  University  of  Rochester. 
This  colony  was  selected  because  animals  from  this  group  have  shown  rather 
consistent  susceptibility  to  dental  caries  on  a  wide  variety  of  rations  and  under 
variable  laboratory  conditions. 

However,  only  one  of  the  females  became  pregnant,  and  it  produced  two 
litters  of  three  animals  each  (four  females  and  two  males).  These  animals 
were  inbred  by  brother-sister  matings  until  sufficient  animals  were  available 
for  experimental  studies. 

The  breeding  procedure  has  been  to  keep  females  in  screen-bottomed  cages, 
to  check  daily  the  stage  of  the  estrus  cycle  by  methods  described  by  Ward,^ 
and  to  place  a  male  in  the  cage  with  the  female  the  evening  of  estrus.  The 
male  is  removed  the  next  morning,  and  the  date  of  mating  is  recorded.  The 
female  is  observed  during  the  following  ten  to  twelve  days  to  check  on  the 
development  of  pregnancy.  If  pregnant,  the  female  is  transferred  to  a  larger 
cage  with  shavings  for  nesting  material  several  days  before  animals  are  to  be 
born.  After  weaning,  at  21  days,  the  young  animals  are  transferred  to  screen- 
bottomed  cages  in  conventional  racks.  Detailed  records  are  kept  of  each  female 

This  investigation  was  supported  by  a  Research  Grant  from  the  National  Institute  of 
Dental  Research  of  the  United  States  Public  Health  Service. 

Read  at  the  Thirtieth  General  Meeting  of  the  International  Association  for  Dental  Re¬ 
search,  Colorado  Springs.  Colorado,  March  21-23,  1952  (J.  D.  Res.  81:477,  1952). 
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breeder:  for  example,  estrus  cycle,  number  of  male  and  day  of  mating,  date  of 
delivery,  approximate  number  of  animals  born,  number  of  animals  weaned, 
and  so  forth. 

All  animals  have  been  bred,  raised,  and  kept  in  animal  quarters  in  which 
uniform  temperature  of  80°  F.  is  maintained  by  carefully  regulated  air  con¬ 
ditioning.  Incandescent  light,  which  is  the  only  source  of  illumination,  is  eon- 
.  trolled  automatically  to  a  fourteen-hour  light  cycle  year  round.  As  a  result, 
no  difficulty  is  experienced  with  breeding  at  any  time  of  the  year. 

Diets  have  been  of  several  types.  When  reproduction  has  been  poor,  mor¬ 
tality  of  litters  high,  or  when  test  diets  have  not  induced  desired  results,  it 
has  l)een  necessary  to  shift  from  one  ration  to  another.  Also,  as  studies  pro¬ 
ceeded  and  results  became  available,  some  animals  were  shifted  to  other  dietary 
regimens  before  fully  completing  the  test  period  initially  planned.  The  diets 
used  are  as  follows : 

Purina  Laboratory  Chow  (PLC). 

Purina  Rabbit  Chow  Checkers  (PRC). 

Ration  100  (RlOO) :  Described  by  Shaw.s  Sucrose  67  per  cent,  casein  (devitamin- 
ized)  24  per  cent,  salts  4  per  cent,  corn  oil  5  per  cent.  Each  100  Gm.  of  ration 
contains  thiamine  HCl  350  fig,  riboflavin  350  fig,  pyridoxine  HCl  350  fig,  nicotinic 
acid  2.5  mg.,  calcium  pantothenate  2.0  mg.,  choline  chloride  100  mg.,  inositol 
100  mg.,  para-amino  benzoic  acid  30  mg.,  beta-carotene  1.1  mg.,  irradiated 
ergosterol  300  I.U.,  2  methyl- 1,4-naphthoquinone  0.6  mg.,  and  alpha-tocopherol 
5.0  mg.  To  each  100  Gm.  of  this  diet  was  added  2.0  Gm.  of  1:20  liver  concentrate 
powder  and  2.0  Gm.  of  whole  liver  substance.  The  salt  mixture  was  that  of 
Phillips  and  Hart^  as  modified  by  Shaw.® 

Ration  1  (Rl):  Sucrose  60  per  cent,  casein  (devitaminized)  21  per  cent,  corn  oil 
5  per  cent,  liver  concentrate  1:20  5  per  cent,  whole  powdered  milk  5  per  cent, 
modified  salts  4  per  cent,®  celluflour  8  Gm.  per  100  Gm.  Each  100  Gm.  of  diet  con¬ 
tained  added  vitamin  supplements  in  amounts  similar  to  those  reported  for 
Ration  100. 

Ration  2  (R2) :  This  diet  is  identical  to  Ration  1  except  that  4  per  cent  Purina 
Laboratory  Chow  ash  was  substituted  for  the  4  per  cent  modified  salt  mixture.® 
The  ash  was  prepared  by  ashing  Purina  Laboratory  Chow  at  1,050°  F.  for 
twenty-four  hours. 

Ration  4  (R4):  Whole  wheat  flour  30  per  cent,  whole  powdered  milk  30  per  cent, 
confectioners’  sugar  15  per  cent,  cornstarch  20  per  cent,  alfalfa  meal  4  per 
cent,  NaCl  1  per  cent. 

Ration  4a  (R4a):  Whole  wheat  flour  30  per  cent,  sucrose  35  per  cent,  whole  powdered 
milk  30  per  cent,  alfalfa  meal  4  per  cent,  NaCl  1  per  cent. 

Food  was  supplied  ad  libitum  in  ceramic  cups.  Water  was  provided  by 
means  of  inverted  glass  bottles  and  tubes  with  rubber  stoppers.  Fresh  carrots 
were  supplied  from  the  seventh  to  twenty-first  days  of  the  weaning  period  for 
about  one-half  the  animals  used  (Table  IV). 

After  100  days  on  the  test  ration,  animals  were  killed,  and  the  heads  were 
removed  and  fixed  in  10  per  cent  neutral  formalin.  Following  fixation,  jaws 
were  removed,  stripped  of  soft  tissue,  and  scored  by  the  method  previously 
described.® 

RESULTS 

Tables  I,  II,  and  III  present  in  summary  form  the  experimental  regimens 
to  which  animals  have  been  subjected,  as  well  as  the  final  data. 
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In  the  tables,  “ Pre-experimental  ration”  refers  to  the  rations  consumed 
by  the  female  for  a  ninety-day  period  prior  to  the  beginning  of  the  present 
study.  If  two  rations  are  indicated,  they  are  presented  in  the  order  of  feeding 
followed  by  the  number  of  days  fed.  In  the  presentation  of  caries  scores, 
values  of  less  than  1  have  been  reported  as  such.  Other  values  have  been 
rounded  out  to  the  nearest  whole  number.  Under  “Comments,”  additional 
information  is  presented  that  pertains  to  data  recorded  in  the  preceding  hori¬ 
zontal  columns. 

Most  animals  reported  have  been  on  definite  test  regimens.  However,  the 
tables  also  include  animals  which  have  been  used  for  breeding  purposes  and 
maintained  on  various  experimental  diets  for  long  periods  of  time.  Data  from 
breeders  are  included  to  show  that  only  moderate  caries  developed  in  some 
animals  after  extended  periods  and  also  that  lesions  were  especially  of  the 
cemental  and  root  surface  type. 

Table  I  presents  data  which  indicate  that  animals  born  from  mothers  main¬ 
tained  on  Purina  Laboratory  Chows  or  a  purified  ration  supplying  the  mineral 
ash  of  one  of  these  chows  developed  no  caries  in  a  100-day  test  period.  Under 
the  experimental  conditions  described  and  with  the  group  of  animals  employed, 
resistance  to  caries  has  been  remarkably  high,  although  the  experimental 
ration  contained  60  per  cent  sucrose.  Animals  retained  this  resistance  for 
long  periods  as  evidenced  by  the  observation  that  those  male  and  female  ani¬ 
mals  used  for  breeding  have  been  resistant  to  caries  during  an  approximate 
one-year  period.  In  other  words,  animals  initially  raised  on  chow  and  ash 
rations  have  shown  no  coronal  enamel  breakdown  not  only  during  a  100-day 
test  period  but  also  an  additional  period  of  exposure  to  subsequent  high  carbo¬ 
hydrate  diets,  for  example,  Rations  100,  4,  and  so  forth,  during  which  preg¬ 
nancies  were  induced  in  females. 

Table  II  includes  data  on  animals  which  came  under  the  influence  of 
Ration  100  during  various  stages  of  pregnancy  and  weaning  period,  and  which 
were  subjected  to  a  100-day  test  period  on  this  same  diet.  An  examination  of  ' 
these  data  indicates  that  only  lesions  of  minimal  size  were  detectable.  Al¬ 
though  this  finding  is  in  contrast  to  the  almost  complete  absence  of  caries 
demonstrated  in  Table  I,  the  very  small  values,  generally  fractional,  suggest 
that  this  diet,  under  the  conditions  of  this  study,  is  unsatisfactory  as  a  means 
of  inducing  dental  caries  in  hamsters. 

Table  III  presents  data  from  animals  exposed  to  Ration  4  during  the  test 
period  of  100  days.  The  prepregnaney  ration  and  pregnancy  ration  included 
laboratory  chows  as  well  as  Rations  1,  2,  100,  4,  and  4a.  After  the  experi¬ 
mental  period  of  100  days  had  ended,  several  of  the  animals  were  used  for 
breeding  purposes  and  continued  on  either  Ration  4  diets  or  transferred  to 
other'  rations  as  indicated.  Animals  were  used  for  this  purpose  because  the 
incidence  of  decay  was  very  low  and  visual  inspection  of  the  maxillary  teeth 
in  live  animals  at  121  days  of  age  showed  little  evidence  of  caries.  All  of  the 
data  in  this  group  indicate  that  caries  activity  has  remained  very  low  even 
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in  animals  which  lived  well  beyond  the  100-day  experimental  period.  It  is  of 
interest  to  note,  however,  that  the  carious  process  is  somewhat  more  active  in 
these  animals  than  in  those  on  other  rations  reported. 

Table  IV  presents  information  relative  to  reproduction  and  growth  on  the 
rations  employed.  At  the  beginning,  some  difficulty  in  inducing  pregnancy 
seemed  to  be  experienced  with  the  purified  or  semipurified  diets.  When  ani¬ 
mals  are  transferred  from  a  stock  diet  such  as  one  of  the  laboratory  chows  to 
a  ration  of  RlOO  type,  they  may  lose  weight  and  not  reproduce  readily.  How¬ 
ever,  as  with  other  rations,  there  is  variability  in  this  regard,  and  it  appears 
that  once  animals  have  become  accustomed  to  a  particular  ration,  reproduction 
is  not  too  difficult  to  obtain  if  the  diet  is  not  grossly  inadequate  and  precau¬ 
tions  are  taken. 

Table  IV 


DIET 

LIT-  1 
TERS 
BORN 

LITTERS 

DE¬ 

STROYED 

LITTERS 

WEANED 

NO.  of! 

prps 

AVERAGE 

NO.  OF 

PUPS 

AVERAGE 

WEANED 

WEIGHT  AT 
21  DAYS 

AVERAGE  ] 
WEIGHT  AT 
APPROX. 
50  DAYS 

AVERAGE 
WEIGHT  AT 
APPROX. 
121  DAYS 

Lahoratorv 

.32 

4 

11 

52 

4.7 

36.3  ±  3.4 

87.1  ±  6.4 

chow 

With  carrots 

17 

97 

5.7 

38.5  ±  6.6 

84.1  ±  8.5 

Ration  100 

20 

6 

7 

26 

3.8 

28.3  ±  4.6 

72.9  ±  11.4 

98.8  ±  18.4 

With  carrots 

7 

40 

5.7 

28.3  ±4.2 

72.2  ±  6.2 

89.21  7.1 

Ration  No.  2 

20 

5 

15 

75 

5.0 

32.2  ±  4.1 

79.6  ±  8.9 

100.1  ±  13.7 

Rations  4  and 

30 

10 

a 

26 

3.3 

29.2  ±  8.3 

77.1  ±  17.5 

104.4 1 18.7 

4a 

No.  4  with  car- 

12 

43 

3.6 

29.8  ±  8.4 

68.1117.6 

101.8117.0 

rots 


When  breeders  are  on  a  powdered  diet  of  the  RlOO,  R2,  or  R4  type,  it  is 
necessary  to  pay  special  attention  to  litters  from  the  seventh  to  eighth  days 
until  weaning  time.  Since  it  is  necessary  to  provide  food  for  the  young  pups 
during  this  period,  some  of  the  ration  must  be  dumped  on  the  fioor  of  the  cage 
where  the  pups  can  get  to  it  or  supplied  in  the  form  of  small  pellets.  The 
pellets  can  be  prepared  by  mixing  the  ration  with  a  small  amount  of  water 
and  then  pressing  the  mixture  into  a  thin  waferlike  mass  which  will  dry  in 
air.  Care  must  be  taken  with  the  high-sugar  diet  lest  too  much  water  be  used 
with  the  result  that  the  pellets  become  too  hard.  All  diets  are  stored  in  an 
icebox.  I  have  successfully  raised  animals  on  all  the  rations  without  the  use 
of  supplements  such  as  fresh  carrots.  To  do  this  requires  rather  careful  per¬ 
sonal  supervision  and  constant  attention  to  many  details.  The  introduction 
of  fresh  carrots  during  the  weaning  period  from  7  to  21  days  minimizes  the 
detailed  care  needed  for  animals  raised  without  such  a  supplement  and  is  an 
almost  necessary  expediency  when  one  needs  to  rely  on  auxiliary  personnel 
for  the  care  and  feeding  of  animals.  The  data  suggest  that  the  number  of 
animals  successfully  weaned  may  be  greater  when  the  litters  are  supplemented 
with  the  carrots. 

The  best  reproduction  and  growth  have  been  obtained  when  animals  have 
been  raised  on  laboratory  chow.  Ration  2  is  superior  to  Rations  100  and  4  as 
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evidenced  by  the  21-day  and  50-day  weights.  Reproduction  on  Ration  4  or 
4a  has  not  been  especially  good.  There  seems  to  be  little  difference  on  the 
basis  of  data  or  actual  experience  between  Ration  100  and  Ration  4  in  so  far 
as  reproduction  is  concerned. 

An  observation  of  interest  is  the  apparent  lack  of  more  rapid  growth  for 
female  animals.  In  most  laboratories,  female  hamsters  have  grown  more 
rapidly  than  male  animals,  and  in  previous  studies  this  has  been  a  very  con¬ 
sistent  finding.  For  the  past  three  years,  however,  there  has  been  no  difference 
in  growth  between  the  sexes  apparent  at  21  days,  50  days,  or  121  days  (Table 
V).  Healthy  male  and  female  animals  which  achieve  a  140-gram  weight  have 
occasionally  developed  on  these  rations. 

Table  V 

21-day  weights  I  50-day  weights  121-day  weights 

RATION  MALE  |  FEMALE  |  MALE  1  FEMALE  MALE  |  FEMALE 

Purina  Laboratory  36.4  ±  4.8  35.615.1  91.5  ±  8.3  85.4  ±7.8 

Chow 

Ration  No.  100  27.214.4  28.713.2  73.71  8.1  71.417.7  95.2111.0  94.6115.3 

Ration  No.  2  .32.013.7  31.414.5  78.61  8.0  75.418.8  97.21  8.7  92.5113.4 

Ration  No.  4  29.019.0  32.018.4  77.0116.3  74.718.2  99.7125.4  105.8111.5 

The  data  between  male  and  female  animals  in  Table  V  have  not  been 
tested  for  significance  because  the  average  weights  are  so  obviously  close  and 
the  standard  deviations  overlap  to  such  a  wide  degree. 

When  data  on  matings  are  compared  to  the  actual  number  of  pregnancies 
which  go  to  full  term,  it  appears  that  about  one-half  the  matings  do  not  result 
in  successful  pregnancies.  For  example,  of  approximately  336  presumably 
timed  matings,  only  171  litters  have  been  born.  It  is  not  uncommon  to  have 
a  female  develop  all  the  signs  of  pregnancy  and  fail  to  deliver.  Animals  have 
not  been  sacrificed  to  determine  the  exact  cause  of  this  phenomenon,  but  it 
suggests  the  development  of  pregnancy  followed  by  resorption  of  the  fetuses 
in  utero.  This  reaction  is  less  frequently  observed  in  animals  on  chow  diets. 
As  has  been  reported  elsewhere  by  others,  some  females  destroy  their  litters 
or  reproduce  poorly  regardless  of  the  ration  employed.  Other  animals  repro¬ 
duce  well  even  under  obviously  difficult  circumstances. 

DISCUSSION 

The  unexpected  degree  of  caries  resistance,  as  evidenced  by  the  small  ex¬ 
tent  of  molar  tooth  destruction  after  100  days  on  an  experimental  diet,  has 
been  disappointing  as  well  as  inexplicable.  These  findings  are  in  marked 
contrast  to  those  reported  a  few  years  ago  in  which  rampant  decay  was  ob¬ 
served  in  hamsters  raised  on  Purina  Rabbit  Chow  Checkers  and  transferred 
at  about  30  to  40  days  of  age  to  diets  similar  to  Ration  4. 

In  retrospect.  Ration  2  might  not  have  been  expected  to  induce  caries  if 
the  same  results  apply  to  hamsters  as  have  been  found  in  white  rats.  Subse¬ 
quent  to  the  completion  of  hamster  tests  with  this  ration,  Sognnaes  and  Shaw** 
have  reported  reduced  caries  susceptibility  in  rats  fed  diets  containing  Purina 
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Laboratory  Chow  ash.  Before  these  results  were  known,  this  diet  was  tried 
in  hamsters  because  of  what  appeared  to  be  poor  breeding  performance  on 
Ration  1.  After  the  diet  was  changed  from  Ration  1  to  Ration  2,  breeding 
seemed  to  improve.  This  response  was  probably  due  in  part  to  adaptation  of 
breeders  to  the  purified  rations.  It  does  appear,  however,  that  the  ash  ration 
is  superior  to  the  purified  salt  one,  as  comparison  of  data  on  reproduction  and 
weaned  weights  of  animals  on  Ration  100  (which  is  very  comparable  to  Ration 
1)  and  Ration  2  indicates  better  litter  size  and  superior  21-day  weights  on  the 
ash  ration.  The  average  21-day  weight  on  Ration  100  was  28.3  ±  4.4  grams, 
on  Ration  2  32.2  ±  4.1  grams  (Tables  IV  and  V). 

A  matter  of  considerable  surprise  was  the  very  low  cariogenic  activity  in 
animals  fed  Ration  100  for  long  periods  of  time.  Since  this  diet  has  proved 
to  be  conducive  to  caries  susceptibility  and  caries  activity  in  cotton,®  Long- 
Evans,®  and  albino  rats,^®  it  was  hoped  that  if  hamsters  could  be  adapted  to 
breed  and  grow  successfully  on  Ration  100,  or  a  somewhat  comparable  purified 
diet,  cariogenic  activity  would  result.  The  caries-inhibitory  mechanisms,  either 
internal,  external,  or  both,  in  operation  are  not  known. 

When  it  became  apparent  that  neither  Ration  2  nor  Ration  100  was  con¬ 
ducive  to  caries  activity,  an  attempt  was  made  to  induce  decay  by  using  diets 
composed  of  natural  foodstuffs  and  similar  to  those  previously  employed,  that 
is,  Rations  4  and  4a. 

The  results  of  this  dietary  modification  were  equally  surprising  in  that 
although  there  was  a  slight  increase  in  caries  activity,  the  extent  of  decay 
was  very  much  less  than  that  previously  observed.  Only  in  a  few  animals 
maintained  on  Ration  4  for  long  periods  of  time  was  decay  seen,  generally  of 
the  cementum  and  root  surface. 

As  previously  mentioned,  this  low  cariogenic  activity  is  difficult  to  ex¬ 
plain.  Among  possible  factors  which  either  singly  or  in  combination  might 
account  for  these  results,  one  thinks  of  (1)  the  presence  of  some  unrecognized 
inhibitory  agent  or  agents  either  in  the  diets  or  otherwise,  (2)  the  adaptation 
of  the  animals  to  the  environment  so  that  their  internal  and  external  environ¬ 
ment  has  been  changed,  (3)  mechanisms  influenced  by  genetic  factors,  (4) 
possible  changes  in  bacterial  flora,  and  so  forth. 

The  fluoride  content  of  the  rations  is  not  believed  to  be  high  except  pos¬ 
sibly  for  the  Purina  Laboratory  Chow  with  reported  fluoride  content  of  21 
ppm  and  the  Purina  Rabbit  Chow  Checkers  with  from  15  to  80  ppm.  Ration 
2  has  a  calculated  fluoride  content  of  approximately  7  ppm;  Ration  100,  ap¬ 
proximately  1.5  ppm ;  and  Ration  4,  approximately  2  ppm. 

The  possibility  exists  that  an  environmental  factor  or  factors  might  be 
causing  reactions  in  the  animals  which  influence  caries  activity.  To  test,  in 
preliminary  fashion,  this  possibility,  litter  No,  120  CC  on  Ration  100  was  di¬ 
vided.  Two  males  and  two  females  were  maintained  in  the  controlled  environ¬ 
ment  of  the  animal  house  of  the  Harvard  School  of  Dental  Medicine,  Boston, 
while  two  males  and  two  females  were  sent  to  Rochester,  New  York,  and  main¬ 
tained  by  Dr.  J.  W.  Hein  in  the  nonregulated  environment  of  his  laboratory. 
The  ration  was  prepared  in  Boston  and  sent  to  Rochester.  There  was  no  ap¬ 
parent  difference  in  the  results  of  this  small  test. 
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Observations  of  genetic  factors  which  may  influence  susceptibility  and 
resistance  in  dental  caries  in  white  rats  have  been  made  by  Hunt,  Hoppert, 
and  Erwin.”  Recently  somewhat  comparable  findings  have  been  made  by 
Hodge,  Johansen,  Hein,  and  Maynard”  in  hamsters.  That  all  animals  tested  in 
this  study  were  deseendents  of  one  female  suggests  that  a  resistant  line  may  have 
been  established.  However,  if  the  mechanisms  which  account  for  the  high  caries 
resistance  in  these  hamsters  were  due  primarily  to  factors  controlled  genetically, 
one  might  reasonably  anticipate  more  variability  than  has  been  observed.  The 
fact  that  caries  activity  has  been  essentially  negligible  with  all  rations  tested 
suggests  highly  dormant  inherited  mechanisms  or  a  combination  of  factors. 


SUMMARY 

Dental  caries  has  remained  essentially  nonactive  in  a  group  of  over  221 
Syrian  hamsters  tested  with  several  high  carbohydrate  regimens.  Reasons  for 
the  unexpectedly  low  caries  activity  are  unknown. 

I  wish  to  acknowledge  the  assistance  of  Dr.  John  W.  Hein,  who  was  kind  enough  to 
maintain  one-half  of  litter  120  CC  in  his  laboratory  for  100  days. 
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KXPEKIMENTAL  DENTAL  CARIES 

III.  The  Effect  of  Estradiol  and  Diethylstilbestrol  ox  Dental  Caries, 
Fluorine  Metabolism,  and  the  Salivary  Glands  of  Intact  and 
Gonadectomized  Rats 

WILLIAM  G.  SHAFER,  D.D.S.,  M.S.,  AND  JOSEPH  C.  MUHLEK,  D.D.S.,  Ph.D. 
Indmna  Vniversity  School  of  IndiatuipolLs  and  Kloominyton,  Ind. 

The  studies  to  be  reported  here  are  a  iiortioii  of  the  series  which  has  been 
designed  in  an  attemjit  to  determine  how  the  endocrine  organs  and  their 
various  products  affect  experimental  dental  caries  and  to  clarify  the  relation¬ 
ship  of  these  organs  to  the  salivary  glands  and  fluoride  metabolism.  Consider¬ 
able  evidence  exists‘-^  to  warrant  further  investigation  of  this  problem.  Jun- 
queira,  Rubinovitch,  and  Fajer^  have  shown  enzymatic  differences  in  the  sali¬ 
vary  glands  of  male  and  female  mice.  Sreebny®  has  shown  enzymatic  altera¬ 
tions  as  well  as  histologic  changes  in  the  submaxillary  gland  of  the  rat  follow¬ 
ing  hypophysectomy.  Rathje'*  has  suggested  that  the  action  of  fluorine  in  re¬ 
ducing  dental  caries  may  be  by  reduced  sympathicotony  of  the  salivary  glands 
mediated  through  a  comiietition  of  the  thyroid  gland  for  fluorine  and  iodine 
essential  to  its  production  of  hormone,  such  that  a  larger  quantity  of  more 
liquid  saliva  is  produced,  thereby  increasing  the  resistance  to  dental  caries. 

The  studies  reported  from  this  laboratory  have  not  been  designed  to  meas¬ 
ure  quantitatively  such  differences  produced  by  gonade  -tomy,  desalivation, 
and  the  administration  of  sex  hormones,  but  rather  to  aetermine  initially 
whether  alterations  of  various  types  occur.  b\iture  investigations  may  be 
channeled  along  more  exacting  lines  after  these  facts  have  been  established, 
with  the  aid  of  conventional  or  newer  and  more  critical  technics. 

EXPERIMENTAL 

The  studies  to  be  reported,  although  similar  in  nature,  will  be  treated 
separately  since  they  were  not  carried  out  simultaneously.  In  the  first  study 
(Experiment  I),  a  total  of  144  albino  rats,*  of  which  131  completed  the  experi¬ 
mental  period,  were  divided  as  equally  as  possible  according  to  sex,  littermates, 
and  initial  weight  into  eight  groups.  Two  groups  of  each  sex  consisted  of  con¬ 
trol  animals  and  a  series  which  had  been  gonadectomized.  A  third  group  of 
each  sex  were  unoperated  animals  which  received  an  injection  of.  1.5  mg.  of 
diethylstilbestrolf  per  week,  subcutaneously.  The  fourth  group  of  each  sex 
had  a  0.25  Gm.  pellet  of  estradiolt  implanted  subcutaneously  at  the  beginning 

This  investigation  was  supported  by  the  Medical  Research  and  Development  Board, 
Office  of  the  Surgeon-General,  Department  of  the  Army,  under  Contract  No.  DA-49-007-MD-332. 
Received  for  publication.  Sept.  1,  1953. 

♦Sprague-Dawley  strain,  supplied  by  Carl  W’ilson,  Beech  Grove,  Indiana. 
tWe  wish  to  thank  Sobering  Corporation.  Bioomfleid,  New  Jersey,  and  Mattox  and  Moore, 
Indianapolis,  for  generously  supplying  the  hormones  used  in  these  studies. 
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of  the  study.  All  animals  were  started  on  the  experiment  at  38  days  of  age, 
and  the  investigation  had  a  duration  of  119  days.  The  caries-producing  diet' 
and  distilled  water  were  supplied  ad  libitum. 

At  sacrifice,  the  heads  were  prepared  for  examination,  as  reported  pre¬ 
viously.®  In  addition,  the  pellets  of  estradiol  remaining  were  removed  and 
weighed.  It  was  found  that  the  average  weight  of  the  remaining  estradiol 
pellets  in  the  male  was  0.197  Gm.  and  in  the  female,  0.209  Gm.,  thus  indicating 
that,  during  the  experimental  period,  the  males  absorbed  an  average  of  0.053 
Gm.  of  estradiol  while  the  females  absorbed  an  average  of  0.041  Gm.  of 
estradiol  per  animal.  The  uteri  and  testes  w'ere  removed,  w'eighed,  and  fixed 
for  microscopic  examination  along  with  the  following  structures:  salivary 
glands,  tongue,  thyroid,  parathyroid,  pancreas,  adrenal,  and  a  long  bone.  A 
femur  from  each  of  six  representative  animals  in  each  group  was  also  taken 
for  calcium,  phosphorus,  and  fluorine  analysis. 

The  second  study  (Experiment  II)  consisted  of  a  total  of  144  albino  rats, 
of  which  127  completed  the  experimental  period,  and  were  divided  into  eight 
groups  similar  to  those  described  previously,  except  that  the  animals  receiving 
the  diethylstilbestrol  and  estradiol  were  gonadectomized.  The  control  and 
gonadectomized  groups  w'ere  treated  identically  to  those  in  Experiment  I.  In 
this  second  study,  one  change  w'as  made  in  the  method  of  administration  of  the 
estradiol.  Instead  of  the  pellets  being  implanted,  the  estradiol  was  dissolved 
in  cottonseed  oil  and  1.5  mg.  w  as  injected  subcutaneously  once  each  week.  The 
animals  began  the  experiment  at  34  days  of  age,  and  the  experimental  period 
lasted  for  130  days.  As  before,  the  caries-producing  diet  and  distilled  water 
were  available  ad  libitum.  At  sacrifice,  the  heads  were  prepared  in  the  same 
manner  and  the  same  tissues  were  removed  for  histological  examination  and 
chemical  analysis. 

DATA  AND  DISCUSSION 

The  data  pertaining  to  the  caries  incidence  in  the  animals  receiving  the 
natural  and  the  synthetic  female  hormone  (Experiment  I)  are  seen  in  Table  I. 
In  the  males,  castration  appears  to  decrease  the  incidence  of  dental  caries, 
while  in  the  females,  caries  appears  to  be  increased,  which  is  in  keeping  with 
previous  work^  reported  from  these  laboratories.  In  the  males,  the  administra¬ 
tion  of  diethylstilbestrol  decreases  caries,  and  estradiol  increases  the  caries 
experience,  while  in  the  females,  both  the  artificial  and  the  natural  female 
hormone  increase  caries  experience.  Previous  work'  indicated  that  diethyl¬ 
stilbestrol  decreases  caries  experience  in  unoperated  females,  so  the  findings 
reported  herewith  do  not  corroborate  these  findings.  However,  there  were 
some  differences  in  the  method  of  administration  of  the  synthetic  female  hor¬ 
mone  in  the  two  experiments,  but  it  is  not  understood  at  the  present  time  how 
this  might  modify  the  findings.  In  the  previous  studies.'  the  diethylstilbestrol 
was  administered  in  a  sesame  oil  vehicle,  and  eneapsulation  at  the  injection 
site  was  frequently  bbserved.  In  order  to  alleviate  this  occurrence,  cottonseed 
oil  was  substituted  and  much  less  encapsulation  was  noticed.  Theoretically,  in 
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the  former  studies  much  less  hormone  may  have  been  absorbed,  while  in  the 
present  studies  the  level  of  diethylstilbestrol  administered  and  absorbed  un¬ 
doubtedly  was  extremely  high. 


Table  I,  A  Comparison  Between  the  Caries  Experience  in  Unoperated  Eats  Receiving 

DIETHYLSTII3ESTROL  AND  ESTRADIOL 


GROUP 

NUMBER 

OF 

ANIMALS 

FINAL 

WEIGHT 

(GM.) 

NUMBER 

OF  CARIOUS 
LESIONS 

EXTENT 

OF 

LESION 

H 

CARIES 

change! 

(%) 

Males 

Controls 

16 

242 

6.3 

2.24 

14.1 

— 

Castrates 

18 

215 

5.1 

2.10 

10.7 

-19 

Control  +  DES 

16 

154 

5.2 

2.26 

11.8 

-17 

Control  +  estradiol 

16 

156 

9.2 

2.59 

23.7 

+46 

Females 

Control 

18 

191 

5.8 

2.42 

14.0 

— 

Castrate 

17 

217 

7,0 

2.38 

16.6 

+21 

Control  +  DES 

17 

148 

8.1 

2.60 

21,1 

+40 

Control  +  estradiol 

15 

148 

8.0 

2.45 

19.6 

+38 

•S.I.P.— sseverlty  index  product, 

tUsing  number  of  lesions  to  compute  difference. 


When  the  size  of  the  lesions  and  their  number  are  evaluated  by  one  factor, 
S.I.P.  (severity  index  product),  instead  of  using  only  the  caries  experience  as 
evaluated  by  the  number  of  lesions,  the  same  relative  caries  effect  is  noted. 
However,  the  size  of  the  lesion  does  not  compare  exactly  with  the  number  of 
lesions.  For  example,  in  the  control  males  there  is  an  extent  value  of  2.24 
which  corresponds  to  a  mean  number  of  6.3  lesions  per  animal,  but  in  the 
control  males  receiving  diethylstilbestrol  there  is  a  reduction  in  the  number  of 
lesions  by  approximately  20  per  cent,  while  the  size  of  the  lesions  appears  to  be 
about  the  same.  Again,  in  the  female  controls  there  is  an  extent  value  of  2.42 
which  corresponds  to  a  mean  number  of  5,8  lesions  per  animal,  while  in  the 
ovariectomized  animal  there  is  an  increase  in  caries  experience  by  approxi¬ 
mately  20  per  cent,  but  the  size  of  the  lesions  is  essentially  the  same.  Thus, 
it  does  not  seem  plausible  in  every  instance  to  intimate  that  the  size  of  the 
lesion  is  directly  proportional  to  the  number  of  initial  lesions,  A  statistical 
evaluation  of  the  data  in  Experiment  I  indicates  that  the  only  significant 
difference  in  the  males  is  between  the  control  and  the  controls  receiving 
estradiol.  In  the  females,  both  the  controls  receiving  diethylstilbestrol  and 
those  receiving  estradiol  are  significantly  different  from  the  female  controls. 
The  probabilities  that  the  differences  could  occur  by  chance  in  the  former 
groups  are  35  and  49  out  of  10,000  in  the  diethylstilbestrol  and  estradiol 
groups,  respectively. 

Table  II  indicates  the  caries  experience  in  the  gonadectomized  animals 
receiving  the  synthetic  and  the  natural  female  hormones  (Experiment  II). 
It  has  previously  been  found^  that  orchiectomy  decreases  caries  experience 
and  ovariectomy  increases  it,  but  in  this  experiment  ovariectomy  decreased  the 
dental  caries  incidence  in  the  rat.  The  decrease  in  caries  in  the  female  is  not 
in  keeping  with  previous  work,^  and  at  the  present  time  it  is  not  possible  to 
explain  this  finding.  When  the  males  were  orchiectomized  and  diethylstil¬ 
bestrol  or  estradiol  was  administered,  there  was  an  increase  in  caries,  and  this 
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may  reasonably  be  justified  since  the  female  controls  receiving  the  identical 
hormones  have  a  marked  increase  in  caries  experience.  In  the  ovariectomized 
animals  receiving  hormones,  an  increase  in  caries  is  found,  the  effect  being 
somewhat  more  pronounced  in  the  animals  receiving  diethylstilbestrol  than  in 
those  receiving  estradiol.  These  findings  corroborate  previous  data.^  Again, 
in  this  series,  the  S.I.P.  parallels  initial  caries  experience  as  evaluated  by 
examining  the  mean  number  of  lesions  per  animal,  but  the  extent  of  the 
lesion  is  not  dependent  quantitatively  upon  initial  caries  attack.  A  statistical 
evaluation  of  the  caries  experience  in  Experiment  II  indicates  a  significant 
reduction  in  caries  in  the  castrate  males  as  compared  to  the  controls.  The 
probability  was  only  17  times  in  10,000  that  this  reduction  could  occur  by 
chance  alone.  In  the  females  the  difference  between  the  controls  and  the 
castrates  receiving  diethylstilbestrol  is  also  significant,  with  a  probability  of 
44  times  out  of  10,000  that  this  number  could  occur  by  chance  alone.  None  of 
the  other  findings  are  statistically  significant ;  however,  this  does  not  discredit 
the  findings,  since  such  differences  as  were  found  in  these  studies  might  be  of 
real  importance  from  a  biologic  viewpoint  were  the  experiments  conducted  for 
longer  periods  of  time. 


Table  II.  A  Comparison  Between  the  Caries  Experience  in  Gonadectomized  Rats 
Receiving  Diethylstilbestrol  and  Estradiol 


GROUP 

NUMBER 

OF 

ANIMALS 

FINAL  1 

WEIGHT 
(GM.)  1 

NUMBER 

OF 'carious 
LESIONS 

EXTENT 

OF 

LESION 

S.I.P.* 

CARIES 

change! 

(%) 

Control 

16 

Males 

288  8.6 

2.21 

19.0 

Castrate 

16 

259 

6.7 

2.24 

15.0 

-22 

Castrate  +  DES 

17 

158 

9.6 

2.47 

23.7 

+12 

Castrate  +  estradiol 

16 

180 

9.5 

2.48 

23.6 

+10 

Control 

16 

Females 

183  8.9 

2.35 

20.9 

Castrate 

17 

196 

7.5 

2.25 

16.9 

-16 

Ca.strate  +  DES 

16 

144 

10.6 

2.24 

23.8 

+19 

Castrate  +  estradiol 

16 

159 

9.7 

2.53 

24.5 

+  9 

•S.I.P. — severity  index  product. 

tUsing-  number  of  lesions  to  compute  difference. 


Table  III  indicates  the  skeletal  analysis  for  fluorine,  calcium,  and  phos¬ 
phorus.  There  appears  to  be  no  noticeable  differences  in  fluorine  storage 
except  possibly  in  those  animals  receiving  diethylstilbestrol  or  estradiol.  In 
these  instances  there  is  a  somewhat  greater  concentration  in  both  the  males 
and  females  when  compared  to  the  respective  control  animals,  but  the  total 
amount  is  slightly  less  in  the  males.  In  the  females  the  diethylstilbestrol  is 
less  and  the  estradiol  is  more.  This  is  an  unexpected  finding  for  two  reasons : 
First,  the  animals  receiving  the  synthetic  and  natural  hormone  are  consider¬ 
ably  smaller  in  size  and,  thus,  one  would  expect  that  they  would  ingest  less 
food  and  then  obviously  store  less  of  the  element.  However,  this  is  apparently 
not  true  in  all  instances,  for  in  the  case  of  the  female  control  receiving 
estradiol,  the  animal  is  considerably  smaller,  as  judged  by  final  weight  and 
the  size  of  the  femur,  yet  there  is  a  noticeable  increase  in  both  the  concentra¬ 
tion  and  the  total  amount  of  fluorine  in  the  femur.  Second,  the  animals  with 
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the  greatest  amount  of  fluorine  could  be  expected  to  have  the  greatest  caries 
resistance,  but  if  the  female  controls  receiving  estradiol  are  compared  with 
the  control  animals  it  is  apparent  that  the  animals  having  the  greater  amount 
of  fluorine  in  the  skeleton  also  have  greater  evidence  of  caries  activity.  From 
this  and  other  evidence,®  it  is  difficult  to  postulate  a  rule  that  would  indicate 
a  positive  correlation  between  fluorine  storage  in  the  skeleton  and  the  inci¬ 
dence  of  dental  caries  in  the  rat.  An  interesting  finding  which  has  been 
noticed  repeatedly  before®'^®  is  that  female  controls  have  a  higher  concentra¬ 
tion  and  frequently  a  greater  total  amount  of  fluorine  in  the  skeleton  than  do 
comparable  males.  This  is  difficult  to  explain  since  the  female  is  a  smaller 
animal  and  ingests  considerably  less  food  than  the  male. 

Table  III.  Analysis  of  Eepbesentative  Femurs  in  Unoperated  Animals  Receiving 
Diethylstilbestrol  and  Estradiol 


GROUP 

DESSI  GATED 

WT. 

(GM.) 

ASHED 

WT. 

(GM.) 

ASH 

(%) 

F  CON¬ 
CENTRATION 

(mg/gm.) 

TOTAL 

F 

(MG.) 

CALCIUM 
(MG.  %) 

PHOS¬ 

PHORUS 

(mg.  %) 

Males 

Control 

0.5761 

0.2958 

50.7 

162.2 

0.0482 

38.6 

19.3 

Castrate 

0.5145 

0.2366 

45.9 

160.3 

0.0379 

38.2 

19.2 

Control  +  DES 

0.4657 

0.2284 

48.9 

194.4 

0.0442 

38.6 

19.3 

Control  +  estradiol 

0.4487 

0.2305 

51.3 

201.3 

0.0460 

38.7 

19.9 

Females 

Control 

0.5232 

0.2620 

50.0 

199.9 

0.0521 

38.3 

19.9 

Castrate 

0.4682 

0.1764 

48.8 

191.0 

0.0431 

38.9 

19.2 

Control  +  DES 

0.3585 

0.1721 

48.3 

230.8 

0.0397 

38.6 

19.0 

Control  +  estra«liol 

0.4486 

0.2480 

52.8 

261.9 

0.0640 

36.9 

19.0 

Table  IV 

Analysis  of  Representative 

;  Femurs 

IN  CONADECTOMIZED  ANIMALS 

Receiving  Diethylstilbestrol  and  Estradiol 

DESSICATED 

ASHED 

F  CON- 

TOTAL 

1 

PHOS- 

WT. 

WT. 

ASH 

CENTRATION 

F 

CALCIUM 

PHORUS 

GROUP  ' 

(GM.) 

(GM.) 

(%) 

(mg/gm.) 

(mg.) 

1  (mg.  %) 

(  mg.  %  ) 

Control 

0.7968 

0.3459 

43.2 

102.7 

0.0353 

38.0 

18.9 

Castrate 

0.7619 

0.2998 

39.2 

116.7 

0.0347 

37.4 

19.8 

Castrate  +  DES 

0.5144 

0.2383 

46.5 

155.6 

0.0372 

37.2 

19.8 

Castrate  +  estradiol 

0.5868 

0.2768 

47.5 

132.1 

0.0371 

37.1 

19.4 

Females 

Control 

0.6448 

0.2661 

41.5 

150.4 

0.0405 

— 

— 

Castrate 

0.5828 

0.2295 

39.6 

118.8 

0.0272 

37.8 

19.6 

('astrate  +  DES 

0.5053 

0.2389 

47.3 

94.8 

0.0227 

37.2 

20.0 

Castrate  +  estradiol 

0.6522 

0.2550 

39.3 

170.8 

0.0431 

37.6 

19.6 

Table  IV  demonstrates  the  fluorine  storage  in  the  femur  of  the  gonadec- 
tomized  rats  receiving  either  diethylstilbestrol  or  estradiol  (Experiment  II). 
In  the  males,  some  differences  in  fluorine  storage  are  noted  in  the  two  groups 
which  were  orchiectomized  and  which  received  diethylstilbestrol  or  estradiol. 
In  these  two  groups  there  appeared  to  be  a  tendency  to  store  somewhat  larger 
amounts  of  the  element.  This  result  is  reminiscent  of  that  in  the  control  males 
receiving  these  same  two  substances.  However,  in  the  females,  the  ovariec- 
tomized  animal  receiving  diethylstilbestrol  stored  considerably  less  fluorine 
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than  the  controls,  while  similar  animals  receiving  estradiol  stored  somewhat 
more.  Moreover,  ovariectomized  animals  appear  to  store  less  fluorine  than 
control  females,  while  a  similar  tendency  seems  to  hold  true  with  orchiec- 
tomized  animals,  but  to  a  smaller  degree.  The  status  of  fluorine  retention  in 
these  and  similar  experiments  seems  to  be  so  intimately  associated  with 
growth  processes  that  it  is  difficult  to  explain  these  findings  clearly  until  more 
information  is  available  concerning  the  absorption  and  metabolism  of  fluorine 
under  such  varied  conditions  as  are  operating  in  these  studies. 

Histologic  Studies. — Histologic  examination  of  the  salivary  glands  has 
re-emphasized  the  fact  that  both  gonadectomy  and  the  administration  of 
either  estradiol  or  diethylstilbestrol  cause  marked  alteration  in  their  structure, 
particularly  evident  in  the  submaxillary  gland. 

In  both  experiments  reported,  it  has  again  been  shown  that  orchiectomy 
and  ovariectomy  produce  a  marked  diminution  in  both  the  size  and  number  of 
granular  tubules  of  the  submaxillary  gland  (Table  V).  Although  the  direct 
measurement  of  these  tubules  indicates  'this  alteration  in  structure,  the  true 
differences  which  exist  cannot  be  appreciated  without  actually  visualizing  the 
histologic  sections.  The  reason  for  this  lies  in  the  fact  that  in  the -control 
animals,  these  secretory  tubules  contain  numerous  large  granules  in  the 
acinar  cells,  whereas  in  the  gonadectomized  animals,  there  is  an  extremely 
marked  loss  of  these  granules  but  seldom  a  complete  loss.  Therefore,  even 
though  the  cells  making  uj)  the  acini  contain  just  a  few  granules,  their 
diameter  is  measured  and  their  number  per  area  is  determined;  still,  the 
presence  or  absence  of  these  granules  cannot  be  measured  and  recorded  with 
any  degree  of  accuracy. 

Table  V 

The  Effect  of  Orchiectomy  and  Ovariectomy  and  the  Administration  of  Estradiol  and 
Diethylstilbf,strol  on  the  Size  and  Number  of  Granule-bearing 
Ti'bules  in  the  Submaxillary  Glvnd  of  the  Rat 


average  no. 

OF  tubules 

PER  unit 
AREA* 

STANDARD 

DEVIATION 

AVERAGE  1 

DIAMETER 

OF  TUBULES 
(MICRONS)  1 

STANDARD 

DEVIATION 

Control  maleK 

16.,') 

4.6 

42 

O  9 

Gonadectomized  males* 

8.1 

6..H 

.16 

2  2 

Control  males  -t-  DES 

ll.l 

6.9 

.17 

o  >> 

Control  males  +  estradiol 

6.5 

2.1 

16 

2.2 

Control  females 

12.2 

4.8 

40 

2.8 

Gonadectomized  females 

11.8 

2.6 

.17 

o  o 

Control  females  +  DES 

7.2 

4.9 

35 

1.4 

Control  females  +  estradiol 

10.5 

4.7 

37 

2.0 

•Area  approximately  0.255  aq.  mm. 


A  second  interesting  finding  has  been  that  both  diethylstilbestrol  and 
estradiol,  whether  administered  to  intact  or  gonadectomized  male  or  female 
animals,  cause  alterations  in  the  submaxillary  glands  which  are  indistinguish¬ 
able  histologically  from  those  changes  induced  by  gonadectomy  alone. 

In  the  present  studies,  it  has  not  been  possible  to  correlate  the  histologic 
alterations  in  the  salivary  glands  with  the  caries  experience  as  induced  by 
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gonadectomy  or  the  administration  of  the  sex  hormones.  Although  the  latter 
two  procedures  produce  a  response  in  the  salivary  glands  which  appear 
histologically  identical,  the  effect  on  the  caries  experience  of  these  procedures 
appears,  in  general,  to  be  diametrically  opposed  to  each  other.  At  the  present 
time,  the  explanation  for  this  finding  is  not  evident. 

SUMMARY 

1.  In  two  separate  studies,  it  has  been  shown  that  the  incidence  of  experi¬ 
mental  dental  caries  in  orchiectomized  rats  was  considerably  lower  than  in 
control  animals.  Ovariectoinized  rats  in  one  study  also  exhibited  reduced 
caries  incidence,  while  in  a  second  study  an  increase  in  caries  was  noted. 

2.  The  administration  of  both  diethylstilbestrol  and  estradiol  to  control 
and  gonadectomized  animals  resulted  in  an  increased  incidence  of  dental  caries 
in  all  cases  except  in  the  group  of  intact  males  receiving  diethylstilbestrol. 

3.  The  fluoride  concentration  in  femurs  of  intact  males  and  females  re¬ 
ceiving  the  two  hormones  w'as  appreciably  higher  than  that  of  corresponding 
control  animals.  The  same  finding  held  true  for  gonadectomized  males  and 
females  except  in  the  case  of  ovariectoinized  females  receiving  diethylstil¬ 
bestrol.  Gonadectomy  per  se  did  not  ajipear  to  influence  the  fluorine  con¬ 
centration. 

4.  The  histologic  structure  of  the  submaxillary  gland  was  markedly 
altered  by  gonadectomy  and  administration  of  the  two  female  sex  hormones. 
This  finding  could  not  be  correlated  with  the^alterations  in  caries  incidence. 
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A  MICRO-ANTIMONY  ELECTRODE  DESIGNED  FOR  INTRAORAL  pH 
MEASUREMENTS  IN  MAN  AND  SMALL  EXPERIMENTAL  ANIMALS 

F.  CLARENCE  THOMPSON  AND  FINN  BRUDEVOLD 
Eastman  Dental  Dispensary,  Bochester,  N.  Y. 

Although  the  glass  electrode  is  more  reliable  than  the  antimony  electrode 
for  measuring  pH,  the  antimony  electrode  has  been  considered  more 
suitable  for  pH  measurements  in  the  mouth  because  it  has  been  found  to  be 
sturdier  and  can  be  made  smaller  than  the  glass  electrode/  It  has  not  been 
possible  to  construct  antimony  electrodes  sufficiently  small  to  gain  access  to 
small  carious  lesions  and  interproximal  spaces.  The  difficulty  in  making 
minute  electrodes  has  been  that  the  cast  antimony  sticks  which  have  been  used 
tend  to  fracture  because  of  brittleness.  This  limitation  has  been  overcome  by 
enclosing  the  antimony  metal  in  a  glass  capillary.^-  ®  Recently  a  method  has 
also  been  reported  for  making  a  micro-antimony  electrode  involving  deposition 
of  antimony  on  a  platinum  wire.^  It  is  the  purpose  of  the  present  paper  to 
describe  the  construction  of  a  micro-antimony  electrode  and  also  to  present 
some  intraoral  results  obtained  with  it  in  man  and  the  hamster. 

CONSTRUCTION 

In  making  the  antimony  electrode,  advantage  is  taken  of  the  fact  that  Pyrex 
glass  becomes  soft  at  the  melting  point  of  antimony.  Therefore,  when  a  piece  of 
glass  tubing  containing  antimony  is  heated  until  the  metal  liquefies,  the  tube 
containing  the  molten  metal  may  be  drawn  to  any  desired  dimension.  Because 
the  antimony  expands  during  solidification,  the  lumen  of  the  glass  tubing  is 
well  packed  with  the  antimony.  The  glass  tubing  serves  to  protect  the  enclosed 
minute  amount  of  antimony  and  adds  appreciable  strength.  Only  a  pure  grade 
of  antimony  metal  can  be  used  in  th  construction  of  a  micro-antimony  elec¬ 
trode.  Unpurified  antimony  has  invariably  given  disappointing  results.  In 
the  present  work,  the  antimony  was  purified  by  electrolysis  according  to  the 
method  of  Schuman,®  and  kept  in  a  closed  glass  container  until  used. 

Electrodes  for  intraoral  pH  measurements  are  made  conveniently  in  any 
shape  from  a  Pyrex  tubing  of  about  7  mm.  outer  and  2  mm.  inner  diameter. 
A  schematic  drawing  of  an  electrode  shaped  like  a  dental  probe  is  shown 
in  Fig.  1.  The  tubing  is  first  drawn  to  a  desired  form  and  length,  care  being 
taken  to  maintain  an  inner  diameter  sufficiently  large  to  allow  for  insertion  of 
a  silver  wire  about  0.35  mm.  thick.  This  wire  will  be  inserted  later  and  will 
serve  as  a  lead  to  the  pH  meter.  A  small  amount  of  powdered  antimony  (2  to 
3  mm.)  is  now  introduced  into  the  glass  tubing  and  tapped  toward  the  drawn 
end.  The  tubing  is  heated  over  a  fiame  until  the  antimony  is  melted,  and  the 
metal  is  induced  to  slide  gently  to  the  end  of  the  capillary  lumen  of  the  tubing. 

Received  for  publication  Sept.  3,  1953. 
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The  capillary  containing  the  antimony  is  reheated  and  moulded  in  the  desired 
shape.  A  small  Bunsen  burner  adjusted  to  give  a  sharp  flame  is  well  suited 
for  this  work.  The  flame  should  not  be  too  hot  because  overheating  of  the 
antimony  causes  bubble  formation  when  the  metal  solidifies. 


The  0.35  mm.  silver  wire,  which  has  previously  been  soldered  to  a  shielded 
cable  (copper  wire,  multistrand,  tinned,  obtained  from  Gavitt  Manufacturing 
Company,  Inc.,  Brookfield,  Massachusetts),  is  introduced  into  the  tubing  and, 
by  gentle  heating,  it  is  fused  with  the  antimony.  Since  the  silver  wire  melts 
into  the  antimony  if  heated  too  long,  it  is  again  important  to  avoid  application 
of  too  much  heat.  A  small  amount  of  steel  soldering  paste  applied  to  the 
silver  wire  has  been  found  to  improve  the  bonding.  As  the  antimony  silver 
junction  is  easily  broken  because  of  the  fragility  of  the  antimony  metal,  it  is 
necessary  to  immobilize  the  silver  wire  at  the  open  end  of  the  glass  tubing. 
This  is  conveniently  achieved  by  sealing  the  glass  tubing  with  self-curing 
acrylic  to  prevent  movement  of  the  wire  within  the  glass  tubing. 

The  capillary  end  of  the  glass  tubing  is  now  worn  down  with  fine  cuttle¬ 
fish  disks  until  the  antimony  is  exposed.  It  has  been  found  that  steadier  pH 
readings  have  been  obtained  when  the  end  of  the  electrode  is  finished  with  a 
slight  slant,  as  shown  in  the  insert  in  Fig.  1.  This  has  a  twofold  effect:  (1) 
During  a  pH  reading,  the  glass  of  the  electrode  end  will  contact  the  hard 
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structure  of  the  tooth  surface,  thus  permitting  the  antimony  to  contact  only 
the  plaque  material  or  the  liquid  phase  on  the  surface.  (2)  The  slanting  will 
increase  the  surface  area  of  exposed  antimony  metal. 

Although  there  appears  to  be  no  space  between  the  antimony  and  the 
glass,  it  is  advisable  to  dip  the  tip  of  the  electrode  in  melted  wax  in  order  to 
prevent  possible  seepage  of  electrolyte  between  the  antimony  and  the  glass. 
The  electrode  is  finally  polished  with  crocus  disks  and  is  ready  for  use.  A  high 
polish  of  the  antimony  metal  is  absolutely  essential,  as  electrodes  with  a 
scratched  or  rough  metal  surface  have  consistently  given  faulty  readings. 
Between  tests  the  electrode  should  be  kept  in  air  since  unreliable  readings  are 
obtained  after  prolonged  exposure  to  water.  It  is  advisable  to  repolish  the 
electrode  before  tests. 

An  electrode  made  from  Pyrex  glass,  as  specified,  has  considerable 
strength  because  of  the  thickness  of  the  glass  walls  at  the  working  end  of 
the  electrode.  Successful  measurements  have  been  obtained  in  the  mouth  with 
an  electrode  of  this  type  having  an  outer  diameter  at  the  working  end  of  0.6 
to  0.7  mm.  Although  more  finely  pointed  electrodes  may  be  obtained  by  using 
thinner-walled  glass  tubing,  these  electrodes  do  not  have  sufficient  rigidity  to 
be  used  in  the  mouth. 


INTRAORAL  MEASUREMENTS 

As  a  reference  electrode,  either  a  Beckman  calomel  electrode  No.  14340, 
which  may  be  placed  directly  in  the  mouth,  or  a  conventional  calomel  electrode 
connected  to  the  mouth  through  a  saturated  KCl  bridge  has  been  used.  The  pH 
readings  have  been  taken  on  a  Beckman  pH  meter,  industrial  model  M,  with  a 
battery  and  a  variable  resistor  interposed  between  the  calomel  electrode  and  the 
meter.®  Electrodes  which  have  been  properly  constructed  will  give  pH  readings 
with  a  deviation  of  0.2  pH  unit  or  less  on  standard  buffers  in  the  range  pH  4  to 
pH  7.  It  is  necessary  that  the  operator  of  the  instrument,  the  person  who 
manipulates  the  microelectrode,  and  the  patient  be  grounded  during  a  test. 
For  satisfactory  readings  it  is  also  important  that  movement  of  the  antimony 
electrode  on  the  tooth  surface  be  avoided.  In  most  instances,  good  readings 
were  obtained  within  a  few  seconds  when  these  precautions  were  taken.  During 
a  test  it  is  advisable  to  standardize  the  electrode  against  a  known  buffer  at 
intervals  of  ten  to  fifteen  minutes,  because  there  may  be  slight  changes  in  the 
system  from  time  to  time. 

APPUCATIONS  OP  THE  ELECTRODE 

A  number  of  intraoral  pH  measurements  have  been  taken  with  the  micro¬ 
antimony  electrode  in  areas  inaccessible  to  the  glass  and  other  more  bulky 
electrodes.  These  areas  include  interdental  spaces,  different  locations  on  the 
same  tooth,  carious  lesions,  and  gingival  pockets. 

Some  interesting  observations  have  been  made:  The  debris  in  interdental 
spaces  was  frequently  found  to  be  alkaline,  ranging  from  pH  7.0  to  7.8;  even 
higher  pH  readings,  up  to  8.6,  were  found  in  debris  on  labial  tooth  surfaces.  It 
was  observed  repeatedly  that  the  pH  may  differ  considerably  in  two  adjacent 
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spots  on  a  tooth  surface.  In  one  instance,  an  upper  incisor  with  considerable 
debris  had  a  pH  reading  of  8.5  close  to  the  gingival  margin  and  7.1  a  small  dis¬ 
tance  from  the  gingival  margin. 

Low  pH  readings  were  frequently  observed  in  carious  lesions,  which  is  in 
agreement  with  Stephan’s  findings.^  Our  readings  were  in  the  range  of  6.8  to 
4.7.  A  pH  of  4.7  was  found  in  a  cavity  which  extended  into  the  dentin  but 
which  had  a  very  narrow  opening.  After  application  of  5  per  cent  glucose 
solution,  the  pH  decreased  to  4.1. 

A  few  pH  measurements  taken  in  gingival  pockets  gave  readings  from  7.4 
to  7.8.  However,  readings  obtained  from  gingiva  were  frequently  unstable  be¬ 
cause  of  the  difficulty  of  keeping  the  electrode  motionless  during  the  test.  It  is 
known  that  motion  of  the  antimony  electrode  in  relation  to  the  electrolyte  will 
also  influence  the  potential  of  the  electrode  and  introduce  an  error  in  the  pH 
reading.^ 

The  problem  of  motion  likewise  made  salivary  measurements  in  the  mouth 
difficult.  The  pH  readings,  which  were  considered  stable,  were  found  to  vary 
from  6.5  to  7.2.  It  is  interesting  to  note  that  when  the  point  of  the  electrode 
was  brought  in  contact  with  the  mucous  membrane,  again  involving  motion  of 
the  electrode,  higher  readings  (up  to  8.9)  were  often  obtained. 

The  micro-antimony  electrode  may  be  used  for  measuring  pH  on  the  teeth 
in  small  experimental  animals.  A  few  intraoral  pH  readings  were  obtained  in 
the  Syrian  hamster.  The  jaws  were  immobilized  according  to  the  method  of 
Johansen,®  and  the  reference  electrode  was  placed  in  the  animal’s  pouch.  The 
pH  in  the  hamster’s  mouth  is  generally  higher  than  in  the  human  mouth.  The 
pH  of  tooth  surfaces  ranged  from  7.4  to  8.5.  In  a  carious  lesion  which  was 
dried  before  the  test,  the  pH  was  6.7.  After  application  of  sugar  solution,  it 
fell  to  5.6.  Measurements  of  this  type  in  different  kinds  of  caries-susceptible 
animals  may  establish  whether  there  is  a  common  mechanism  in  development  of 
dental  caries. 

Most  of  the  micro-antimony  electrodes  we  have  used  have  given  stable 
readings,  but  very  minute  ones  are  unreliable.  Therefore,  it  is  generally  ad¬ 
visable  to  construct  electrodes  as  large  as  accessibility  will  permit.  Occasionally 
electrodes  were  inactivated  by  debris  on  the  tooth  surface  and  had  to  be  re¬ 
polished  before  further  use. 

It  is  concluded  that  the  micro-antimony  electrode  permits  pH  readings  of 
areas  which  are  inacce-ssible  to  other  known  types  of  electrodes.  Many  of  the 
readings  obtained  with  this  instrument  are  within  the  range  reported  by  workers 
using  other  types  of  electrodes.  However,  our  higher  j)!!  readings  obtained  in 
debris  should  be  confirmed  before  being  accepted. 

SUMM.\RY 

1.  A  method  is  described  for  making  a  micro-antimony  electrode  suitable 
for  measuring  pH  in  interproximal  areas  and  carious  lesions  in  teeth  of  man  and 
experimental  animals. 

2.  Preliminary  intraoral  pH  measurements  on  human  and  hamster  teeth 
are  given. 
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EVALUATION  OF  THE  MICRO-ANTIMONY  ELECTRODE 

FINN  BRUDEVOLD  AND  F,  CLARENCE  THOMPSON 
Eastman  Dental  Dispensary,  Bochester,  N.  T. 

The  determination  of  pH  in  carious  lesions  obviously  necessitates  the  use 
of  a  small  sturdy  electrode.  It  is  possible  to  construct  micro-antimony  elec¬ 
trodes^'®  which  meet  this  requirement,  but  results  obtained  with  these  instru¬ 
ments  have  not  been  critically  evaluated.  The  purpose  of  the  present  paper 
is  to  compare  intraoral  and  in  vitro  pH  readings  obtained  with  a  glass  and  a 
micro-antimony  electrode  and  to  evaluate  some  of  the  factors  which  may  influence 
the  behavior  of  the  antimony  electrode  in  the  mouth. 

There  is  considerable  evidence  that  a  large  antimony  electrode  will  give 
satisfaetorv"  intraoral  pH  measurements.  For  instance,  the  pH  readings  obtained 
by  Stephan*  with  the  antimony  electrode  on  plaque  material  in  situ  agree  well 
with  those  obtained  by  Fosdick  with  the  glass  electrode  on  plaque  material  in 
vitro.®  Stephan*  and  Stralfors,®  on  the  basis  of  extensive  clinical  trials,  have 
expressed  the  opinion  that  the  antimony  electrode  gave  pH  readings  on  tooth 
surfaces  with  an  accuracy  within  0.2  pH  unit.  Fosdick  also  stated  that  the 
antimony  electrode  gave  accurate  readings.^ 

The  use  of  the  antimony  electrode  has  been  objected  to  by  Clement®  because 
of  its  sensitivity  to  oxidizing  and  reducing  agents,  but  his  conclusions  were  not 
ba.sed  on  any  tests  in  the  mouth.  His  objections  should  not  be  discounted,  be¬ 
cause  the  antimony  electrode  is  known  to  be  sensitive  not  only  to  oxidizing  and 
reducing  agents  but  also  to  acid  radicals  of  metaphosphoric,  tartaric,  citric, 
and  oxalic  acid,®  heavy  salt  concentration,  and  copper  and  other  metallic  ions.^® 
Therefore,  the  accuracy  of  the  antimony  electrode  would  appear  to  depend  on 
whether  interfering  agents  are  present  in  the  mouth  in  sufficient  concentrations 
to  yield  erroneous  results. 


PROCEDURE  AND  RESULTS 

The  micro-antimony  electrode  used  in  this  study  and  its  method  of  applica¬ 
tion  have  been  described  in  a  previous  paper.^  A  Beckman  glass  electrode.  No. 
290-1,  was  employed  as  a  comparison  instrument.  ' 

(A)  Intraoral  pll  Readings. — When  a  buffer  of  pH  7  was  applied  on  a 
tooth  surface,  the  glass  electrode  gave  a  reading  of  6.8  and  the  micro-antimony 
electrode  a  reading  of  7.1.  However,  readings  obtained  on  plaque  and  debris 
often  disagreed  to  a  greater  extent.  The  antimony  electrode  gave  higher  read¬ 
ings  than  the  glass  electrode  in  most  instances.  The  pH  readings  usually  agreed 
within  0.4  to  0.05  pH  unit,  but  differences  of  as  much  as  1  pH  unit  were  observed. 

This  work  was  supported  by  the  Bristol-Myers  Company,  New  York. 
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These  differences  suggested  that  interfering  substances  affected  the  anti* 
niony  electrode.  However,  a  number  of  factors  made  it  difficult  to  conclude 
definitely  that  the  antimony  electrode  was  at  fault.  The  accuracy  of  the  glass 
electrode  may  be  questioned  because  only  part  of  its  gla.ss  membrane  comes  in 
contact  with  the  tooth  surface  during  a  measurement  and  the  greater  bulk  of 
the  glass  electrode  causes  it  to  measure  the  pH  of  a  much  greater  area  than 
the  micro-antimony  electrode.  The  area  contacted  may  result  in  some  difference 
in  pH  readings,  because  it  has  been  observed  that  pH  obtained  with  the  micro¬ 
antimony  electrode  may  vary  by  as  much  as  1.4  pH  units  in  two  different  areas 
on  the  same  tooth,  and  by  as  much  as  0.8  pH  unit  when  the  glass  electrode  was 
used.  Thus,* the  pH  obtained  with  the  glass  electrode  probably  represents  the 
average  pH  of  the  contact  area  with  the  tooth,  while  the  micro-antimony  elec¬ 
trode  determines  the  pH  of  a  small  spot  within  this  area.  In  addition,  the  glass 
electrode  contacts  the  external  surface  of  the  plaque  while  the  micro-antimony 
electrode  penetrates  the  soft  material  and  measures  the  pH  of  deeper  layere  of 
plaque  material.  Because  of  the  uncertainties  involved  in  comparing  glass  and 
antimony  electrode  measurements  in  the  mouth,  further  comparative  tests  were 
carried  out  in  vitro. 

(B)  In  Vitro  Tests. — (Jlass  and  antimony  electrode  readings  were  taken 
on  salivary  sugar  mixtures  before  and  after  incubation.  Also,  comparative  pH 
readings  and  some  titration  curves  were  obtained  on  a  number  of  organic  acids 
and  substances  which  may  occur  in  the  mouth,  including  lactic,  pyruvix,  tartaric, 
succinic,  acetic,  and  thioglycolic  acid,  peroxide,  and  calcium  and  phosphate  ions. 
Table  I  shows  pH  readings  obtained  with  the  gla.ss  and  micro-antimony  electrodes 


Table  I 

pH  Readings  of  Sugar  and  Saliva  Mixtures  With  Glass  and  Micro-antimony  Electrodes 


SAMPLE  NO. 

BEFORE 

INCUBATION 

AFTER  17  HOURS’ 
INCUBATION 

GLASS 

1 

ANTIMONY 

1  GLASS 

1  ANTIMONY 

1 

7.4 

7.5 

4.2 

4.4 

2 

7.9 

7.9 

4.2 

4.5 

ii 

7.8 

7.6 

.1.9 

4.2 

4 

7.H 

7.7 

4.1 

4,5 

in  saliva-sugar  mixtures  before  and  after  .seventeen  hours’  incubation  at  37®  C. 
It  will  be  noted  that  the  antimony  electrode  consistently  gave  from  0.2  to  0.4  pH 
unit  higher  readings  than  the  glass  electrode.  The  same  was  true  of  saliva 
incubated  for  seventy-two  hours.  These  differences  were  of  smaller  magnitude 
when  the  antimony  electrode  was  standardized  agairust  the  glass  electrode  in  a 
O.OIN  lactic  acid  buffer,  thus  suggesting  that  lactic  acid  might  interfere  with 
the  accuracy  of  the  antimony  electrode.  This  was  confirmed,  as  shown  in  Fig.  1, 
which  gives  titration  curves  of  0.5N  sodium  hydroxide  against  0.6N  lactic  acid 
as  obtained  with  glass  and  antimony  electrodes.  The  pH  readings  were  con¬ 
sistently  0.5  pH  unit  higher  with  the  antimony  electrode  than  with  the  glass 


856 


BRUDEVOLD  AND  THOMPSON 


J.  D.  Res. 
December.  1954 


electrode.  Similar  divergent  results  were  obtained  with  tartaric  acid,  but  com¬ 
parable  results  were  obtained  with  acetic,  pyruvic,  succinic,  and  hydrochloric 
acid. 

In  further  experiments,  the  effect  of  different  concentrations  of  lactic  acid, 
pyruvic  acid,  thioglycolic  acid,  and  hydrogen  peroxide  was  tested.  The  latter 
two  substances  w'ere  chosen  in  order  to  demonstrate  the  effect  of  reducing  and 
oxidizing  agents.  The  results  are  presented  in  Table  II.  It  will  be  seen  that 
lactic  acid  must  be  present  in  concentrations  stronger  than  0.01  normal  to  affect 
appreciably  the  antimony  electrode.  Thioglycolic  acid  and  peroxide  appear  to 
be  more  powerful  interfering  agents,  since  concentrations  as  small  as  0.0005M 
of  thioglycolic  acid  slightly  raised  the  antimony  electrode  reading,  while  peroxide 
had  an  opposite  effect. 

9 

8 

7 

6 

5 

4 

'3 

2*  ‘ _ I  » _ «  > _ I _ I _ I _ 1— • 

Occ  123456789 
cc  SODIUM  HYDROXIDE 

Fig.  1. — Titration  curves  of  0.6N  lactic  acid  against  0.5N  sodium  hydroxide. 

Calcium  chloride  did  not  affect  the  antimony  electrode  in  concentrations  up 
to  IM.  Phosphate  ions  were  also  without  appreciable  effect. 

According  to  these  findings,  the  oxidizing  and  reducing  agents  tested  must 
be  present  in  concentrations  greater  than  O.OOIM  to  cause  an  error  in  the 
antimony  electrode  reading  of  0.3  pH  unit.  Other  interfering  substances  tested 
must  be  present  in  concentrations  exceeding  O.OIM  to  cause  a  similar  effect.' 
The  concentration  of  any  one  of  these  substances  is  likely  to  be  smaller  in  the 
mouth,  but  it  is  possible  that  they  exert  an  accumulative  effect. 
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It  has  already  been  shown  that  many  substances  may  affect  the  accuracy 
of  the  antimony  electrode.  Since  differences  as  great  as  0.4  pH  unit  have  been 
observed  between  glass  and  antimony  electrode  measurements  of  saliva,  it 
appears  that  only  approximately  correct  intraoral  pH  values  may  be  obtained 
by  means  of  the  antimony  electrode  under  certain  conditions.  However,  since 
the  micro-antimony  electrode  is  the  only  known  instrument  capable  of  obtaining 
the  pH  values  of  otherwise  inaccessible  areas  in  the  mouth,  this  electrode  may 
be  a  valuable  tool  for  the  determination  of  the  approximate  range  of  pH  change. 

From  the  preceding  discussion,  it  follows  that  in  plaque  tests  concerned 
with  the  evaluation  of  acid-forming  inhibitors,  the  antimony  electrode  is  a  suit¬ 
able  instrument  only  if  its  accuracy  is  proved  to  be  unaffected  by  the  test  agent. 


Table  II 

Glass  and  Antimony  Electrode  pH  Readings 


APPROXIMATE 

CONCENTRATION 

(MOLAR) 

LACTIC 

ACID 

THIOOLYCOLIC  ACID 

PEROXIDE* 

GLASS  1 

ANTIMONY 

1  GLASS 

1  ANTIMONY 

GLASS 

1  ANTIMONY 

0.6 

1.94 

0.05 

2.52 

2.88 

2.61 

4.27 

0.01 

2.96 

3.07 

2.96 

4.05 

3.98 

2.80 

0.001 

3.56 

3.52 

3.55 

3.80 

4.00 

3.55 

0.0005 

3.81 

3.98 

4.00 

3.85 

0.0001 

4.64 

4.65 

•In  acetate  buffer  pH  4. 


summary 

1.  The  micro-antimony  electrode  frequently  gave  intraoral  plaque  readings 
which  deviated  from  glass  electrode  readings  by  0.3  pH  unit  or  more,  the  maximal 
deviation  observed  being  1  pH  unit.  The  differences  in  pH  readings  between 
the  two  instruments  do  not  necessarily  result  from  inaccuracy  of  the  antimony 
electrode  alone. 

2.  Observations  of  pH  on  saliva  demonstrate  that  interfering  agents  may 
be  present  causing  the  micro-antimony  electrode  to  give  up  to  0.4  pH  unit  higher 
readings  than  the  glass  electrode. 

3.  The  effect  of  a  number  of  interfering  substances  which  may  occur  in  the 
mouth  has  been  studied  at  different  concentrations. 

4.  Under  certain  conditions,  intraoral  pH  measurements  obtained  with  the 
micro-antimony  electrode  may  be  expected  to  be  only  approximately  correct. 

5.  The  micro-antimony  electrode  gives  accurate  in  vitro  pH  readings  in  a 
number  of  acids  and  is  well  suited  for  certain  electrometric  micro  titrations. 
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RADIOAUTOGRAPHIC  VISUALIZATION  OF  THE  FORMATION  AND 
FATE  OF  THE  ORGANIC  MATRIX  OF  DENTIN 

RICHARD  C.  GREULICH*  AND  C.  P.  LEBLOND 
Department  of  Anatomy,  McGill  University,  Montreal,  Quebec 

A  RADIOAUTOGRAPHIC  survey  of  the  organs  and  tissues  of  very  young 
rats  injected  with  C^^-labeled  bicarbonate  revealed  a  widespread  distri¬ 
bution  of  the  radioelement.^  The  tissues  of  the  developing  incisors  and  molars 
displayed  definite  reactions,  which  were  particularly  intense  in  dentin.  Evi¬ 
dence  was  presented  to  indicate  that  the  sections  of  teeth  used  no  longer  con¬ 
tained  minerals,  even  though  they  had  not  been  systematically  decalcified. 
Therefore,  it  was  suggested  that  the  radiocarbon  had  been  incorporated  into 
the  dentinal  matrix  itself.^ 

A  detailed  study  of  this  phenomenon  was  undertaken  in  the  hope  of  ex¬ 
tending  our  knowledge  of  the  formation  and  fate  of  the  organic  components  of 
dentin. 

METHODS 

The  solutions  of  C^*-laheled  hicarhonate  used  for  injection  were  prepared 
from  an  alkaline  solution  of  C^*-labeled  sodium  carbonate  obtained  from  the 
Chalk  River  atomic  pile.  This  material  was  partially  neutralized  by  dropwise 
addition  of  4  per  cent  acetic  acid  up  to  the  phenolphthalein  end  point  (pH  = 
8.3),  a  procedure  which  transforms  most  of  the  carbonate  into  bicarbonate.  The 
volume  of  solution  administered  did  not  exceed  0.2  c.c.  and  was  injected  as  a 
single  subcutaneous  dose. 

The  first  group  of  animals  (hereafter  referred  to  as  the  newborn  group) 
consisted  of  the  ten  newborn  animals  described  in  a  previous  paper.^  After 
receiving  either  20  or  40  microcuries  of  the  labeled  bicarbonate,  four  of  these 
animals  were  sacrificed  four  hours  after  injection,  three  at  twenty-four,  and 
three  at  seventy-two  hours  after  injection.  For  the  present  study,  histologic 
sections  of  alcohol-formol-fixed  jaws  of  these  animals  were  decalcified  by  immer¬ 
sion  in  5  per  cent  nitric  acid  for  several  minutes  prior  to  being  prepared  for 
radioautography.  The  completeness  of  this  decalcification  procedure  was  as¬ 
sessed  by  means  of  the  Von  Kossa  technic  for  detection  of  calcium  phosphate. 
In  the  undecalcified  state,  dentin  stained  black  by  this  method,  while  the  lack  of 
staining  of  acid-treated  sections  was  taken  to  indicate  successful  decalcification. 
Radioautography  was  carried  out  as  indicated  later  in  the  article. 

Six  animals  in  a  new  group  (hereafter  referred  to  as  the  three-day  group) 
were  3  days  of  age  at  the  time  of  administration  of  the  C^*-labeled  sodium  bicar¬ 
bonate.  Three  animals  of  this  group  received  30  microcuries  of  the  labeled 
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material  and  were  then  sacrificed  at  intervals  of  one,  three,  and  six  days  after 
injection.  The  remaining  three  animals  also  received  an  initial  injection  of  30 
microcuries,  but  in  addition  received  a  second  injection  of  30  microcuries  two 
days  after  the  first.  These  three  animals  were  then  sacrificed  at  nine,  twelve, 
and  fifteen  days  following  the  first  of  the  two  injections. 

Maxillae  and  mandibles  were  removed  from  these  animals  immediately 
after  sacrifice,  and  were  then  fixed  in  alcohol-formol,®  decalcified  by  the  formate- 
citrate  method,®  dehydrated  in  dioxane,  embedded  in  paraffin,  and  sectioned 
at  jtx. 

The  sections  of  teeth  used  for  radioautography  were  either  stained  with 
hematoxylin-eosin  or  left  unstained.  Control  sections  for  histologic  study  were 
stained  by  hematoxylin-eosin,  by  the  periodic  acid-Schiff  technic,  or  by  toluidine 
blue  for  metachromasia.  Iii  the  last  case,  preparations  were  immersed  in  a  dilute 
alcoholic  solution  of  the  dye  (0.1  per  cent  toluidine  blue  in  1  per  cent  ethyl 
alcohol)  for  approximately  one-half  hour,  whereupon  they  were  passed  through 
single  rapid  changes  of  pure  acetone,  acetone-xylol  (1:1),  and  three  changes 
of  pure  xylol  prior  to  mounting  in  Canada  balsam. 

Radioautography  was  carried  out  by  the  coating  technic,*  as  more  recently 
modified.®  The  emulsion  utilized  for  this  study  was  Eastman  Kodak  NTB3 
emulsion,  which  was  obtained  either  in  the  form  of  pellicles,  to  be  melted  before 
use,  or  in  the  form  of  a  liquid  which  could  be  warmed  and  applied  directly  to 
the  slides.  Exposure  times  varied  from  five  to  ten  months  at  -17®  C.  The 
slides  were  subjected  to  routine  photographic  development  and  fixation,  followed 
by  dehydration  in  xylol  and  mounting  under  Canada  balsam. 

The  quantitative  radioautographic  technic  of  grain  counting  was  applied 
in  this  study  to  determine  the  fate  of  labeled  dentinal  organic  matrix.  The 
rationale  of  this  technic  is  based  upon  the  fact  that  under  conditions  of  low 
radioautographic  exposure,  the  number  of  silver  grains  rendered  developable 
by  the  ionizing  radiations  of  C^*  (or  of  any  other  beta-emitting  radioisotope) 
is  proportional  to  the  amount  of  the  C^*  present  in  the  source.®  Thus,  by  count¬ 
ing  the  number  of  silver  grains  in  the  photographic  emulsion  lying  over  the 
tissue  section  in  a  developed  radioautograph,  it  is  possible  to  relate  the  count 
to  the  relative  amount  of  isotope  in  the  tissue. 

Grain  counting  was  carried  out  in  the  first  lower  molars  of  the  animals  of 
the  three-day  group.  The  radioautographs  used  for  this  purpose  were  prepared 
under  identical  conditions  throughout;  that  is,  all  preparations  were  cut  at  the 
same  thickness  (5  m),  and  were  stained,  coated,  exposed,  and  developed  simul¬ 
taneously.  Moreover,  the  preparations  were  allowed  only  a  short  exposure  (five 
months)  in  order  to  maintain  the  condition  of  proportionalitiy  of  grain  count 
to  radioactivity. 

The  technic  of  counting  grains  was  as  follows:  A  reticle  of  two  parallelly- 
oriented  hairs  was  inserted  into  one  ocular  of  a  binocular  microscope,  so  as  to 
delineate  an  approximately  rectangular  strip  of  the  field  for  counting.  The 
strip  extended  across  the  center  of  the  ocular  field  and  was  limited  on  its  long 
sides  by  the  hairs  and  on  its  ends  by  the  margins  of  the  ocular  field.  At  the 
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magnification  generally  utilized  (approximately  800  diameters),  the  width  of 
the  strip  thus  formed  was  approximately  30  fx,  while  its  length  was  approxi¬ 
mately  90  fx.  The  grain  counts  were  obtained  by  enumerating  all  the  grains 
visible  in  successive  strips  of  dentinal  matrix  measuring  approximately  30  by 
90  fx,  beginning  at  and  lying  parallel  to  the  junction  of  the  odontoblasts  and 
predentin,  and  continuing  to  the  dentinoenamel  junction.  After  counting  each 
strip,  the  slide  under  examination  was  moved  in  such  a  way  that  the  next  adja¬ 
cent  strip  of  matrix  of  the  same  dimensions  was  in  the  field  provided  by  the 
reticle  (Table  I). 


Table  I 


Grain  Count  of  Anterior  Cusp  of  First  Lower  Molar  (Peak  Counts*  Underlined) 


DISTANCE  FROM 

ANIMALS  SACRIFICED 

AT 

ODONTOBLASTS 

3  DAYS 

6  DAYS 

9  DAYS 

12  DAYS 

15  DAYS 

(M) 

(FIG.  5) 

(FIG.  6) 

(FIG.  7) 

(FIG.  8) 

(FIG.  9) 

0-30 

58 

16 

14 

9 

5 

30-60 

171 

34 

36 

24 

47 

60-90 

45 

57 

61 

22 

90-120 

40 

119 

71 

42 

30 

120-150 

18 

393 

152 

140 

86 

150-180 

81 

186 

337 

76 

180-210 

233 

463 

94 

210-240 

467 

409 

82 

240-270 

74 

113 

155 

270-300 

230 

300-330 

393 

330-360 

477 

360-390 

65 

390-420 

16 

420-450 

8 

Total  count 

679 

688 

1,290 

1,598 

1,788 

Peak  count  Total 

563 

512 

1,038 

1,349 

1,255 

— 

— 

•Peak  counts  represent  the  hishest  values  obtained  in  a  series  of  observations  on  radio- 
autoi^aphic  images  of  dentin  matrix.  Two  peak  count  values  were  chosen  arbitrarily  In  the 
case  of  singly  injected  rats  (sacrificed  3  days  and  6  days  after  injection),  while  four  peak 
count  values  were  chosen  In  animals  which  had  been  doubly  injected  (sacrificed  9,  12,  and  15 
days  after  injection). 


In  addition  to  these  counts,  several  preliminary  counts  had  been  made  on 
the  same  sections,  utilizing  an  oil  immersion  objective  which  provided  a  total 
magnification  of  approximately  1,200  diameters.  At  this  magnification,  the 
distance  between  the  two  parallel  hairs  of  the  reticle  in  relation  to  the  speci¬ 
men  was  reduced  to  20  /i,  and  the  length  of  the  strip  w'as  reduced  correspond¬ 
ingly  to  approximately  60  fx.  It  was  not  possible  to  count  all  of  the  grains 
present  in  a  given  field  under  these  conditions,  since  the  depth  of  focus  pro¬ 
vided  by  the  oil  immersion  objective  was  insufficient  for  this  purpose.  Hence, 
for  each  strip  it  was  found  necessary  to  count  the  grains  in  successive  layers 
of  the  photographic  emulsion.  This  was  accomplished  by  focusing  on  and 
counting  those  grains  most  nearly  adjacent  to  the  tissue.  Following  this,  the 
barrel  of  the  microscope  was  raised  2  /i  by  the  fine  adjustment,  and  again  those 
grains  in  focus  were  counted.  Successive  counts  at  2  ju  intervals  were  thus  tallied 
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and  totaled  for  the  entire  emulsion  thickness  in  each  strip,  before  continuing 
to  the  next  adjacent  strip.  In  this  manner,  the  possibility  of  an  error  in  count¬ 
ing  was  minimized,  and  the  total  counts  for  each  adjacent  strip  of  dentinal 
matrix  were  obtained  in  a  comparable  fashion.  All  counts  were  made  on  the 
anterior  cusp  of  the  first  lower  molars  of  these  animals. 

Some  of  the  silver  grains  in  the  emulsion  are  not  due  to  radiation,  but  are 
merely  the  background  fog  inherent  in  all  photographic  emulsions.  To  assess 
the  extent  of  such  background  grains,  several  successive  counts  were  made  of 
grains  lying  in  the  photographic  emulsion  in  areas  devoid  of  tissue.  These 
“background”  counts  were  averaged,  and  were  then  subtracted  from  the 
counts  obtained  from  the  tissues. 

RESULTS 

Morphologic  Observations. — The  dentinal  organ  consists  of  the  pulp,  the 
odontoblasts,  the  predentin,  and  the  dentin  itself,  which  ends  at  the  “junction”; 
that  is,  according  to  the  area,  dentinoenamel  or  dentinoeemental  junction.  Pre¬ 
dentin  stained  poorly  and  dentin  deeply  with  hematoxylin-eosin  (Fig.  1).  Pre¬ 
dentin  reacted  only  slightly  to  the  toluidine  blue  technic  employed  here 
(Pig.  16)  and  to  the  periodic  acid-Schiff  technic  (Fig.  17).  Dentin,  on  the 
other  hand,  was  intensely  metachromatic  (Fig.  16)  and  stained  readily  with  the 
periodic  acid-Schiff  technic  (Fig.  17). 

In  the  newborn  group,  the  incisor  and  molar  teeth  at  four  hours  after  in¬ 
jection  showed  a  precisely  localized  and  relatively  intense  radioautographic 
reaction  (that  is,  accumulation  of  silver  grains)  over  the  region  of  predentin 
immediately  adjacent  to  the  odontoblasts  (Fig.  1).  No  reaction  was  observed 
over  the  dentin  already  present  in  the  teeth  at  this  interval  (note  unreaetive 
dentin  [D]  in  Fig.  1).  The  latter  observation  was  further  emphasized  by 
the  fact  that  the  reaction  of  predentin  was  clearly  visualized  even  in  areas 
where  no  dentin  had  yet  been  formed  (Fig.  2).  Little  or  no  reaction  was  ob¬ 
served  over  the  odontoblasts  themselves. 

By  twenty-four  hours,  little  change  in  the  intensity  of  this  reaction  was 
observed,  but  its  distribution  was  slightly  altered.  Some  reaction  was  present 
in  predentin,  while  most  of  it  was  in  that  portion  of  dentin  in  apposition  to 
the  predentin.  In  some  of  the  areas  where  only  predentin  had  been  present  at 
four  hours,  some  reactive  dentin  had  now  appeared. 

At  seventy-two  hours,  the  predentin  was  unreactive,  while  many  silver 
grains  were  seen  over  the  dentin  proper.  No  odontoblastic  reaction  was  seen 
at  this  or  any  later  time  interval. 

It  may  therefore  be  concluded  that  the  reactive  material  was  present  ex¬ 
clusively  in  the  predentin  at  four  hours  and  in  the  dentin  at  seventy-two  hours 
after  injection.  These  results  are  interpreted  as  indicating  that  the  predentin 
and  dentin  formed  during  the  latter  part  of  the  three-day  period  following  in¬ 
jection  of  contained  only  small  amounts  of  the  isotope,  since  the  level  of 
circulating  labeled  bicarbonate  had  by  that  time  fallen  too  low  to  supply  a 
significant  amount  of  radioactivity  to  the  synthesis  of  these  materials. 
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The  radioautographic  reactions  of  teeth  seen  in  the  three-day  group  of 
animals  at  the  early  time  intervals  presented  essentially  the  same  features  as  did 
those  of  the  newborn  group.  At  twenty-four  hours  after  injection,  the  most 
intense  radioautographic  images  in  the  molars  occupied  a  position  similar  to  that 
seen  in  the  newborn  group  at  the  same  interval,  that  is,  in  the  inner  layers  of 
dentin  and  in  the  juxtaposed  outer  layers  of  predentin  (Fig.  10).  This  reaction 
extended  throughout  the  complete  circumference  of  the  molar  bud  (Fig.  3). 
Since  the  area  of  predentin  immediately  in  contact  with  the  odontoblasts  con¬ 
tained  very  few  granules  (Fig.  10),  the  predentin  laid  down  during  the  latter 
part  of  the  twenty-four-hour  period  between  C'*  injection  and  sacrifice  contained 
only  a  small  amount  of  radioactivity.  In  other  words,  most  of  the  labeled  ma¬ 
terial  had  been  deposited  during  the  earlier  part  of  this  twenty-four-hour  period. 


Fig.  1. — Coated  radioautograph  of  a  portion  of  an  incisor  tooth  taken  from  a  rat  injected 
at  birth  with  40  mlcrocurles  of  C“-blcarbonate  and  sacrificed  four  hours  later.  The  section 
was  stained  with  hematoxylin  and  eosin  prior  to  coating  with  Eastman  Kodak  NTB3  emulsion. 
(X180.)  A,  Ameloblasts;  PE,  pre-enamel;  D,  dentin;  PD,  predentin;  O,  odontoblasts.  The 
dentin,  which  appears  here  as  a  dark  band,  shows  no  significant  radioautographic  reaction. 
The  predentin,  which  appears  light,  shows  a  radioautographic  reaction  in  the  area  close  to  the 
tips  of  the  odontoblasts.  (A  slight  reaction  is  present  in  pre-enamel.) 

Fig.  2. — Coated  radioautograph  of  the  root  region  of  an  incisor  tooth  taken  from  the 
same  animal  as  In  Fig.  1,  but  for  which  the  preparation  was  exposed  for  a  longer  time.  The 
abbreviations  are  the  same  as  in  Fig.  1.  In  this  area  no  dentin  has  yet  formed.  Even  so,  the 
predentin  shows  an  intense  reaction.  On  the  left  of  the  figure  the  predentin  broke  away  from 
the  pre-enamel  during  the  technical  procedure.  This  artefact  makes  It  all  the  more  evident 
that  the  reaction  is  in  predentin. 


By  three  days  after  injection,  the  band  of  reaction  was  strictly  limited  to 
the  dentin,  where  it  was  seen  as  a  definite  and  discrete  line  about  midway  between 
the  odontoblasts  and  the  dentinoenamel  junction  (Fig.  11).  Comparison  of 
this  pattern  with  that  seen  at  twenty-four  hours  indicated  that  the  distance 
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between  the  line  of  radioautographic  reaction  and  the  dentinoenamel  junction 
had  not  changed  over  the  intervening  forty-eight-hour  period;  that  is,  an  area 
of  unreactive  dentin  of  the  same  approximate  thickness  was  observed  between 
the  reactive  line  and  tlie  dentinoenamel  junction  at  both  twenty-four  and 
seventy-two  hours.  Since  most  of  the  labeled  material  was  deposited  during  the 
earlier  part  of  the  twenty-four-hour  period  following  C**  injection,  a  prepara¬ 
tion  such  as  that  depicted  in  Fig.  4  may  be  interpreted  with  precision :  accord¬ 
ing  to  whether  the  dentin  is  present  outside  or  inside  the  dark  band  (Fig.  4), 
it  was  laid  down,  respectively,  before  or  after  the  earlier  part  of  the  twenty- 
four-hour  period  following  injection. 

By  six  days  after  injection  (Fig.  12),  the  band  of  autographic  reaction  in 
the  dentin  remained  clear  cut,  and  its  intensity  appeared  the  same  as  at  the 
earlier  intervals.  The  distance  between  the  line  and  the  dentinoenamel  junction 
on  the  cusp  crown  also  remained  approximately  the  same  as  that  seen  at  the 
earlier  times.  More  new  dentin  had  been  formed  by  the  odontoblastic  layer, 
however,  so  the  distance  between  the  line  and  the  odontoblasts  had  increased 
further.  The  reaction  line  followed  the  contours  of  the  cusps  (Fig.  5),  lying 
at  some  distance  from  the  dentinoenamel  junction  at  the  crowns,  but  lying 
against  the  junction  at  the  bases  of  the  cusps.  By  this  time,  the  roots  of  the 
molars  had  lengthened,  and  naturally  the  new  dentin  deposited  near  the  tips  of 
the  roots  was  unlabeled. 

The  animal  sacrificed  at  nine  days  after  injection  had  received  a  second 
injection  of  C**-labeled  bicarbonate  two  days  after  the  first,  and  indeed  the 
radioautographs  showed  a  double  line  of  reaction  in  the  dentin  (Figs.  9  and  13). 
Again,  the  intensity  of  each  of  these  lines  was  similar  to  that  of  the  lines  seen  at 
the  earlier  intervals.  The  outer  and  inner  lines,  resulting  from  the  first  and 
second  injections,  respectively,  were  separated  by  a  layer  of  unreactive  dentin 
which  was  clearly  seen  only  in  the  region  of  the  crowns  of  the  cusps.  In  the 
area  of  the  roots,  the  lines  were  fused  (Fig.  6). 

The  radioautographic  images  in  the  molars  of  the  doubly  injected  animal 
sacrificed  at  twelve  days  were  essentially  the  same  as  in  the  nine-day  animal 
(Figs.  7  and  14). 

In  the  animal  sacrificed  at  fifteen  days,  the  molar  tooth  had  erupted.  The 
distinction  between  two  reaction  lines  was  not  clear  in  this  case  (Figs.  8  and  15). 
The  distance  between  the  line  and  the  dentinoenamel  junction  was  approximately 
the  same  here  (Fig.  8)  as  in  the  animals  sacrificed  at  one,  three,  and  six  days 
(Figs.  3,  4,  and  5),  but  was  somewhat  greater  than  at  nine  and  twelve  days  (Figs. 
6  and  7),  possibly  as  the  result  of  individual  variations  within  the  group  of 
animals. 

The  reactions  of  incisor  teeth  in  the  three-day  group  of  animals  seemed  to 
be  analogous  to  those  just  described  in  the  molars,  wdthin  the  limits  of  compari¬ 
son  of  the  two  types  of  teeth. 

Grain  Counting. — To  confirm  the  observation  that  with  time  there  seemed 
to  be  little  or  no  change  in  the  intensity  of  the  autographic  reactions  visualized  in 
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the  dentinal  matrix,  it  was  decided  to  make  a  quantitative  study  of  the  auto¬ 
graphic  reactions  in  the  molars  of  the  three-day  group. 

To  show  the  feasibility  of  the  method,  the  silver  grains  were  counted  over 
strips  of  dentinal  matrix  at  the  anterior  cusp  crown  of  the  first  lower  molar  at  a 
magnification  of  1,200  diameters  (oil  immersion).  The  results  obtained  in  a 
nine-day  animal  are  illustrated  in  Fig.  9,  in  which  the  peaks  in  the  graph  of  the 
counts  correspond  to  the  two  bands  of  reaction  seen  in  the  photograph  below  it. 


4  0  100  200  ^  ^ 

DISTANCE  FROM  PULP  IN  jl 


ODONTOBLASTS  D-E 

JUNCTION 


Fig.  9. — Grain  count  In  the  dentin  from  the  region  of  the  odontoblasts  to  Junction  in  an 
animal  Injected  twice  with  C“-bicarbonate,  namely,  at  three  and  five  days  after  birth.  The 
animal  was  sacrificed  nine  days  after  the  first  injection.  The  silver  grains  were  counted  at 
a  magrnificatlon  of  1,200  diameters.  The  two  peaks  seen  in  the  graph  correspond  to  the  two 
bands  of  reaction  seen  in  the  dentin. 


The  thickness  of  some  of  the  other  preparations  made  it  impossible  to 
examine  them  all  at  1,200  diameters.  Systematic  counts  were,  therefore,  carried 
out  at  a  magnification  of  800  diameters,  utilizing  radioauotgraphic  preparations 
from  the  animals  sacrificed  at  three,  six,  nine,  twelve,  and  fifteen  days.  (Com¬ 
parable  sections  from  the  animal  sacrificed  at  one  day  were  not  available  for 
study.)  All  the  silver  grains  present  over  strips  of  dentinal  matrix  on  the  an¬ 
terior  cusp  crown  of  the  first  lower  molar  from  each  animal  were  counted.  From 
these  counts,  the  background  count  was  subtracted  to  yield  the  data  presented  in 
Table  I.  (The  background  values  obtained  were,  respectively:  three  days,  66; 
six  days,  64;  nine  days,  56;  twelve  days,  70;  and  fifteen  days,  79.) 

The  results  obtained  at  800  diameters  did  not  make  it  possible  to  distinguish 
the  two  peaks  seen  at  1,200  diameters  (Fig.  9).  In  order  to  obtain  a  measure 
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Figs.  10-15. — High  magniflcation  of  the  anterior  cusp  crown  of  the  first  lower  molar  from 
the  animals  of  the  three-day  group.  After  injection  of  C“-blcarbonate  when  the  animals  were 
3  days  old,  they  were  sacrificed  at:  one  day  (Fig.  10) ;  three  days  (Fig.  11)  ;  six  days  (Fig. 
12)  ;  nine  days  (Pig.  13)  :  twelve  days  (Fig.  14)  ;  fifteen  days  (Fig.  15).  (The  last  three 
animals  received  a  second  injection  two  days  after  the  first.) 
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of  the  intensity  of  the  reaction  lines  seen  at  the  various  intervals,  the  two 
greatest  values  were  noted  and  totaled  for  each  animal  which  had  received  only 
one  injection  of  the  isotope.  In  the  case  of  the  doubly  injected  animals,  the 
four  highest  values  were  used  for  this  purpose.  These  values,  probably  the  best 
ones  to  use  for  comparative  purposes,  are  underlined  in  the  body  of  Table  I, 
and  their  total  is  also  underlined  as  the  “peak  count  total.” 

Examination  of  Table  I  reveals  that  whether  the  “total  count”  or  the  “peak 
count  total”  is  considered,  the  quantity  of  silver  grains  deposited  in  the  photo¬ 
graphic  emulsion  of  the  radioautographs  was  approximately  the  same  in  the 
animals  given  a  single  injection  (three  and  six  days)  and  about  double  that  value 
in  the  animals  given  two  injections  (nine,  twelve,  and  fifteen  days).  It  is  clear 
that  there  was  no  decrease  with  time  in  the  amount  of  labeled  material  deposited 
in  the  matrix. 

DISCUSSION 

The  presence  of  radioautographic  reactions  in  the  matrix  of  the  dentin  in 
growing  rats  injected  with  bicarbonate  (Figs.  10  through  15)  is  a  finding  of 
significance  in  regard  to  both  the  growth  pattern  and  the  composition  of  the 
matrix. 

Growth  Pattern  of  Dentinal  Matrix. — As  early  as  four  hours  after  injection 
of  labeled  bicarbonate,  radioactivity  appeared  in  the  portion  of  the  predentin 
juxtaposed  to  the  apices  of  the  odontoblasts  (Figs.  1  and  2),  The  radioactive 
band  seen  in  the  sections  was  due  to  the  presence  of  a  layer  of  C**-labeled 
predentin  matrix  located  near  the  odontoblasts.  Apparently,  some  of  the 
injected  had  been  utilized  for  the  elaboration  of  the  predentin  matrix 
deposited  during  this  four-hour  period. 

At  twenty-four  hours  after  injection,  the  layer  of  labeled  matrix  had  been 
displaced  outward  due  to  the  continuing  apposition  of  new,  unlabeled  layers 
of  predentin.  Furthermore,  the  labeled  layer,  initially  predentinal,  was  chang¬ 
ing  into  dentinal  matrix  (Fig.  10). 

At  three  days,  and  at  later  times  after  the  injection  of  labeled  bicarbonate, 
the  growth  of  dentin  was  visualized  by  a  progressive  increase  in  the  distance 
between  the  initial  labeled  band  and  the  odontoblasts  (Figs.  10  through  15). 
This  distance  increased  very  rapidly  at  first  (Figs.  10,  11,  and  12),  and  more 
slowly  at  the  longer  time  intervals  (Pigs.  13,  14,  and  15).  Thus,  although  these 
conclusions  are  based  on  only  six  animals,  it  appears  that  the  growth  rate  of 
dentinal  matrix  was  rapid  in  animals  during  the  first  ten  days  of  life,  after 
which  it  slowed  down. 

Examination  of  the  growth  of  the  various  regions  of  the  molar  tooth  (Figs. 
3  through  8)  illustrated  several  points  already  observed  by  other  methods,^*  ® 
namely,  the  continued  root  growth,  the  progressive  encroachment  of  dentin 
into  the  pulp  cavity — a  process  balanced  by  the  expansion  of  this  cavity  into 
the  root  region  concomitant  to  root  growth — and,  in  doubly  injected  rats,  the 
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more  rapid  apposition  of  dentinal  matrix  in  the  crowns  of  the  cusps  than  in  the 
roots,  as  shown  by  the  distinctness  of  the  two  lines  of  reaction  in  the  former 
but  not  in  the  latter  area  (Figs.  6  and  7).  < 

The  results  of  this  work  serve  to  emphasize  two  properties  of  the  dentinal 
matrix,  namely,  its  appositional  mode  of  formation  and  its  stability.  The  doubly 
injected  animals  clearly  show  the  appositional  deposition  of  matrix  (Figs.  6  and 
7).  In  addition,  the  absence  of  silver 'grains  in  the  area  between  the  reactive 
band  and  the  dentinoenamel  junction  indicates  that  no  interstitial  deposition 
of  material  occurs  in  formed  matrix.  The  presence  of  a  small  number  of  silver 
grains  in  the  matrix  laid  down  for  some  time  after  injection  (Table  I)  does  not 
disprove  that  dentin  grows  appositionally,  since  the  grains  are  few  and  presum¬ 
ably  reflect  a  progressive  decrease  in  the  blood  levels  of  utilizable  for  matrix 
formation. 

The  dentinal  matrix,  as  indicated  by  its  labeled  portion,  is  a  stable  substance. 
The  grain  counts  through  the  fifteen  days  after  injection  showed  no  decrease  in 
the  amount  of  labeled  material  (Table  I).  Such  stability  of  the  matrix  is  all 
the  more  impressive  since  a  survey  of  the  distribution  of  C'*  bicarbonate  in  very 
young  rat  tissues  showed  a  generalized  and  almost  complete  decrease  in  the 
radioautographic  intensity  of  organs  and  tissues  with  time,  a  phenomenon 
attributed  to  turnover  of  structural  components.^  Thus  the  dentinal  matrix 
stands  out  as  one  of  the  most  stable  tissues  of  the  growing  body. 

Mineral  elements  of  dentin  als\»  are  formed  appositionally,  as  shown  by  P®* 
radioautography®  and  other  methods.^*  ®  However,  the  exactness  of  their  apposi¬ 
tional  deposition  as  shown  by  either  P®*  or  Ca*®  radioautography  is  less  striking. 
In  fact,  some  interstitial  deposition  of  minerals  throughout  the  thickness  of  the 
dentin,  even  occlusally  to  the  main  band  of  reaction,  is  usual  in  young  animals. 
Newborn  rats  will  often  show  no  definable  band  at  all  but  rather  a  diffuse 
reaction.  In  addition,  a  reaction  band  often  becomes  less  precise  with  time,® 
although  it  always  persists  in  some  form.'®  It  is  indeed  believed  that  mechanical 
influence  may  produce  a  rearrangement  of  dentinal  crystals."  Therefore,  it  is 
concluded  that  the  matrix  is  deposited  in  a  more  regular  manner  and  is  more 
stable  than  the  mineral  components  of  dentin. 

Nature  of  the  Labeled  Substances  in  the  Dentinal  Matrix. — It  has  been 
pointed  out  that  the  labeled  substances  detected  by  radioautography  in  organs 
and  tissues  of  animals  given  C"-bicarbonate  had  to  be  substances  of  large  molecu¬ 
lar  weight,  such  as  proteins  and/or  mucopolysaccharides.'  This  is  likewise  true 
of  the  labeled  component (s)  of  the  dentinal  matrix.  It  is  known  that  this  matrix 
consists  of  a  protein  framework,  presumably  a  collagen,  associated  with  carbohy¬ 
drate  material,  some  of  which  may  be  detected  by  the  metachromatic  staining 
of  the  matrix  with  toluidine  blue  and  by  its  reactivity  to  the  periodic  acid-Schiff 
technic.'®'"  In  contrast,  the  predentinal  matrix  stained  only  slightly  when  the 
latter  two  technics  were  used,  as  shown  in  Figs.  16  and  17.  Thus,  the  pre¬ 
dentin  seems  to  consist  mainly  of  collagenous  material.'*  Deposition  of  reactive 
carbohydrate  material  must  have  predominated  at  the  predentinodentinal  junc¬ 
tion.  In  fact,  differences  in  the  content  of  these  reactive  carbohydrates  could 
account  for  the  observed  differences  between  the  predentin  and  dentin. 
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If  this  is  indeed  the  case,  the  labeled  material  appearing  in  predentin  after 
C^*-bicarbonate  injection  could  be  part  of  the  collagen  framework.  Since  the 
radioautographs  showed  no  apparent  change  in  this  labeled  material  at  the  time 
of  the  transformation  of  predentin  into  dentin,  the  collagen  of  the  first  zone 
would  not  differ  from  that  of  the  other  zone,  except  for  the  addition  of  muco¬ 
polysaccharide  (s)  at  the  junction. 


Fig.  16. — Toluidine  blue  staining  of  molar  teeth  of  3-day-old  rat  Abbreviations  as  in 
mg.  1.  The  nuclei  of  the  ameloblasts  and  odontoblasts  stain  blue.  The  dentin  is  a  deep 
violet  and  the  predentin  a  very  light  pink. 

Fig.  17. — Periodic  acid-Schiff  staining  of  molar  tooth  of  3-day-old  rat.  Counterstaining 
with  hematoxylin.  (This  section  was  taken  from  the  center  of  the  cusp  and,  therefore,  shows 
at  the  apex  an  area  devoid  of  enamel.)  The  dentin  stains  deeply  and  the  predentin  little  or 
not  at  all  with  the  periodic  acld-Schiff  technic. 


It  is  known  that  calcium  phosphate  crystals  are  absent  in  predentin  and 
are  abundant  in  dentin,  and  also  that  radioautographs  show  the  deposition  of 
Ca*®  and  P-**  in  that  area  of  the  dentin  which  is  in  apposition  to  predentin,^® 
that  is,  where  large  amounts  of  carbohydrate  materials  also  appear.  It  is  tempt¬ 
ing  to  conclude  that  the  carbohydrate  materials  may  be  necessary  for  the  deposi¬ 
tion  of  the  dentin  crystals  and  may,  in  fact,  bind  these  crystals  to  the  collagen 
framework. 

SUMMARY 

Sodium  bicarbonate  labeled  with  C**  was  administered  to  newborn  and  3-day- 
old  albino  rats,  whereupon  these  animals  were  sacrificed  at  intervals  of  from  four 
hours  to  fifteen  days  after  injection.  Radioautographs  of  their  teeth  were 
prepared  after  deealcification. 
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The  radiocarbon  of  bicarbonate  is  incorporated  into  the  organic  matrix 
of  the  dentinal  organ.  At  the  earliest  time  intervals  studied,  the  labeled  matrix 
lies  in  the  predentinal  area.  But  at  later  intervals,  the  reactive  zone  is  farther 
and  farther  and  farther  away  from  the  odontoblasts  as  new,  nonlabeled  pre¬ 
dentinal  matrix  is  laid  down.  In  the  process,  the  labeled  matrix  of  predentin 
becomes  dentin  matrix  proper. 

Counts  of  the  individual  silver  grains  constituting  the  radioautographic 
image  of  the  matrix  show  no  decrease  in  its  intensity  during  the  fifteen-day 
period  studied.  Thus,  the  labeled  matrix  and,  by  inference  the  whole  matrix 
of  dentin,  is  a  very  stable  substance  (in  contrast  to  C^*-labeled  substances  formed 
in  other  organs). 

The  formation  of  dentin  may  be  considered  to  occur  in  three  steps:  (1) 
the  formation  of  a  matrix  framework,  presumably  a  collagen,  which  first  appears 
as  predentin  at  the  apices  of  the  odontoblasts  (this  collagenous  material  is 
presumably  the  substance  which  is  traced  by  means  of  C^*);  (2)  the  addition 
of  large  amounts  of  carbohydrate  material  to  the  framework  of  the  matrix, 
changing  it  from  predentin  to  dentin;  and  (3)  the  appearance  of  calcium  phos¬ 
phate  crystals  in  the  matrix  of  dentin. 

Because  of  their  simultaneous  appearance  at  the  predentinodentinal  junc¬ 
tion,  it  is  suggested  that  the  crystals  may  be  bound  to  the  collagen  matrix  of 
dentin  by  means  of  the  carbohydrate  material. 
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LISANTT,  V.  F'. :  proteolytic  enzymes;  sa¬ 
livas,  652* 

- :  salivary  hexokinase,  664* 

- :  whole  salivary  enzymes;  distribution; 

origin,  321 
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882 


INDEX 


LITTLE,  M.  F.:  anti-enzymes;  plaque  acid 
production,  703* 

- :  enamel  decalcification;  acids,  671* 

LNordefrin:  705* 

LOREXE,  R.  W. :  hamster  dentin  and 
enamel;  spectrochemical  analysis,  651* 

- :  inorganic  constituents;  hamster  den 

tin  and  ejiamel,  487 

LUDWIG,  T.  G.:  acid  formation;  carbohy¬ 
drate  foods,  671* 

LUNDQVIST,  C.:  photogrammetric  method; 

facial  swelling  volume,  295 
LYOX,  H.  W.:  x-ray  radiation;  salivary 
glands,  706* 

1^  ACAPAXPAX,  L.  C.;  gingival  inflam- 
mations;  spread;  injury  effects,  263 
McCAXX,  11.  G.:  powdered  enamel  and  den¬ 
tin;  fluoride  reactions,  674* 

McCARTHA",  F.  M. :  hemodynamic  pressor 
response;  epinephrine,  674* 

McCHESXA',  M.  M.:  salivary  amylase; 
quantitative  test,  654* 

McCLURE,  F.  J.:  radiocalcium  deposition: 
fluorine  effect,  670* 

- :  - ;  fluorine  exposure,  711* 

- :  skim  milk  powder  fractions;  whey 

powders;  cariogenic  effects,  658* 

- :  urinary  fluoride  excretion,  fluoridateil 

water,  692* 

MACDOXALD,  J.  B.:  fusospirochetal  infec¬ 
tions:  experimental;  production,  671* 
Magnesium:  hamster  tooth  effects,  691* 
MAHLER,  1).  B. :  hygroscopic  expansion; 
dental  casting  investment,  519 

- :  - ;  water  added  technic,  697* 

Mamliliular  condvle  osteoclast  count;  guinea 
pig,  683* 

MAXHOLD,  .1.  II.:  caries;  j)ersonality  in¬ 
ventory,  672* 

- :  - ;  personality  variables,  357 

MAXLY,  R.  S. :  acid  production;  salivary 
•  s«*diments;  method,  561 

- :  salivarv  acid  production;  inhibition, 

672* 

MARDFIX,  D.  F.:  rat  molar  germ;  culti 
vation;  Carrel  flask,  181,  189 

- :  - ;  dissection,  201 

M.\RGOLlS,  H.  I.:  photoelectric  myodyna- 
graph,  425 

MARSH -\LL-DAA’,  C.  D. :  periodontal  dis 
ease;  prevalence  and  incidence,  673* 
MASSLER,  M.:  dentin  sterilizing  agents; 
dentin  growth,  712* 

- :  filling  materials;  dentin  growth,  712* 

Mastication:  caries,  714* 

MATT,  M.  M.:  glucosamine  levels;  salivary 
lactobacilli,  673* 

MAURICE,  C.  G.;  pulpal  response;  cavity 
preparation;  sodium  fluoride,  713* 

- :  - ;  rat  molar  method,  674* 

MAYXARD,  E.  A.:  hamster  caries;  caries- 
immune  and  caries-susceptible  strains, 
663* 

Medulla:  response;  oral  stimulation,  6.58* 
MELTOX,  R.  S.:  caries;  personality  in¬ 
ventory,  672* 


Mercurv:  residual;  amalgam,  12 
MEREillTY,  H.  V.:  cusp  of  Carabelli,  4.35 
MERITS,  H.  I.:  aspirin;  edema  effects, 
675* 

Metallography:  amalgam  alloys,  592 
Methyl  methacrylate:  polymerization;  ac¬ 
celerators,  695* 

- :  w^ater  sorption,  693* 

- :  (See  also  acrylics  and  resins) 

Methylcholanthrene:  effects  on  tooth  germ 
transplants,  531 

Micro-antimony  electrode,  849,  854 
MILES,  A.  E.  W.:  post-mortem  color 
changes;  teeth,  735* 

- :  Proceedings;  British  Section.  I.  A. 

D.R.,  729 

Milk:  skim  pow’ders;  caries,  658 
MILLER,  C.:  x-ray  radiation;  salivary 
glands,  706* 

MILLER,  .1.:  caries;  silver  nitrate;  so¬ 
dium  fluoride;  copper  cements,  735* 

- :  microradiographic  studies;  dentin, 

731* 

MITCHELL,  1).  F.:  caries-resistance;  ham¬ 
ster,  676 

- :  developing  tooth  transplantations, 

6.53* 

- :  salivary  phosphatase;  calculus;  lac- 

tobacillus  counts,  335 

MITCHELL,  J.  A.:  dimensional  stability; 
amalgams,  697* 

!  MITCHELL,  R.  C.:  air-driven  dental  hand 
piece,  700* 

Mitotic  activitv':  periodontal  tissues,  459, 
692* 

MOHAMMED,  C.:  secondary  dentin;  cav¬ 
ity  preparation;  fllling.s,  718* 
Morphology:  tooth;  nutrition,  680* 
MORTELL,  .1.  F.,  JR.:  cavity  wall  appear¬ 
ance;  instrumentation,  699* 
j  M08NA’,  .1.  .1.:  amino  acid  requirements; 
acidogenic  organisms,  339 
Mou.se:  estrogen  effects;  gingiva,  115 
Mouth  rehabilitation:  salivary  lactobacil- 
lus,  717* 

Mucin:  enzyme  inhibitors,  683* 

- :  saliva,  .596 

- :  salivary  glands,  651* 

MUHLEMANN,  H.  R.:  mitotic  activity; 

periodontal  tissues,  4.59,  692* 

MUHLER,  J.  C.:  caries;  desalivation  and 
castration;  fluorine  storage,  346 

- :  - ;  fluorine  metabolism;  salivary 

glands;  estradiol;  diethylstilbestrol,  842 

- :  diagnostic  reversals; '  clinical  caries 

tests,  682* 

- :  fluorides;  blood  vascular  system  ef¬ 
fects,  648* 

- :  - ;  effects  on  whole  teeth,  538 

- :  - ;  enamel  permeability  to  sodium 

ions,  65(1* 

- :  - ;  metabolism;  rat,  688* 

- :  - ;  storage;  rat  embryo,  669* 

- :  - ;  surface  structure;  enamel,  .50 

- :  hypophysectoni}’;  rat  caries;  salivary 

glands,  685* 
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- :  rat  caries;  castration;  desalivation; 

endocrines,  648* 

- :  - ;  inorganic  salts,  676* 

- :  stannous  fluoride;  dentifrice;  caries, 

606 

- :  - ;  enamel  solubility;  experi¬ 
mental  caries,  33 

- :  suckling  period  of  diet;  rat  caries, 

245 

]ilL'NSON,  P.  L.:  calcium  intake;  calcifica¬ 
tion,  676* 

Muscle  forces:  recording,  425 
MYERS,  H.  I.:  collagenase;  oral  tissue 
effects,  683* 

- :  tooth  replantation;  hamster,  675* 

Myodynagraph:  photoelectric,  425 

NAHOUN,  H.  I.:  torcjue;  round  wire, 
713* 

NAMAJUSKA,  I.:  dental  plaiiue;  amino 
acids,  649* 

NASIMBENE,  L.:  tooth  replantation;  ham¬ 
ster,  675* 

NEALON,  F.  H.:  alginate;  flow;  tempera¬ 
ture,  697* 

NEBERGALL,  \V.  H.:  stannous  fluoride; 
dentifrice;  caries,  606 

- :  - ;  enamel  solubility;  experimental 

caries,  33 

NEILHEN,  A.  G.:  ultrasonics;  cavity  prep¬ 
arations,  698* 

NELSON,  R.  J.:  radiography;  hazards, 
698* 

Neoplasm:  fluoride  ingestion,  648* 

- :  hamster  pouch,  253 

- :  salivary  glands;  mucin  content,  651* 

- :  - ;  transplantability,  659* 

Nerve  supply:  upper  anterior  teeth,  678* 
Nerves:  pulp,  734* 

NEUMANN,  H.  H.:  tooth  phosphorus  ex¬ 
change;  chewing  effect,  677,*  801 
Neurophysiological  phenomena:  dental; 

brain  center  localization,  681* 

NEV'IN,  R.  B.:  caries;  diet  and  mastica¬ 
tion,  714* 

- :  diet;  oral  hygiene;  caries,  714* 

NEVIN,  T.  A.:  chlorophyllin;  effect  on  oral 
organisms,  571 

NEWMAN,  P.  A.:  fractured  permanent  an¬ 
terior  teeth;  incidence,  730* 

NEWTON,  M.  G.:  magnesian  Whitlockite; 

x-ray  diffraction  identification,  687* 
NICHOLAS,  L.  W.:  hamster  caries;  beryl¬ 
lium,  670* 

Nicotinamide:  radioactive;  enamel  pene¬ 
trations,  767 

NIKIFORUK,  Q.:  demineralization  of  hard 
tissues;  chelating  agents,  136 
- :  salivary  reducing  properties;  indi¬ 
cators,  677* 

Nitrogen:  pulp,  632 
Nucleic  acids:  tooth  development,  128 
NUTLAY,  A.  G.:  estrogen  effect;  alveolar 
bone;  gingiva,  115 

Nutrition:  tooth  morphology,  680  (See  also 
diet) 


O  CCLUSION:  preschool  children,  (554* 
Odontogenesis:  amblvostoma  punctatum, 

737* 

- :  frog,  706* 

- :  histochemical  studies,  731* 

- :  primary  induction,  702* 

O'LEARY,  W.  M.:  precipitate  formation; 

bacterial  cultures,  678* 

OLSEN,  N.  H.:  nerve  supply;  anterior 
teeth,  678* 

Oral  hygiene:  caries,  714,*  715* 

Oral  prophylaxis:  common  cold,  708* 
ORLAND,  F.  J.:  electron  micrography; 
oral  bacteria,  679* 

- :  germfree  animal  technic;  experi¬ 
mental  dental  caries,  147 
OSHTRY,  I).:  oral  bacteria  proportions; 
penicillin,  689* 

Osteoclast  count:  mandibular  condyle,  683* 
Ovarian  function:  periodontosis,  719* 
Ovariectomy:  periodontal  tissues,  702* 

p  AFFENBARGER,  G.  C.:  Inaugural  Ad- 
dress;  I.A.D.R.,  international  aspects; 
Japan,  637 

- :  radiography;  hazards,  698* 

- :  resin  cements;  resin  fillings;  posterior 

teeth,  698* 

PALMER,  H.  B.:  lactobacilli;  hamster 
caries,  679* 

Parabiosed  animals:  caries,  824 

- :  high  carbohydrate  diet,  175 

Paraformaldehyde;  pulp  response,  663* 
Parathyroid  extract:  bone  metaliolism,  669* 
PARFITT,  G,  J.:  caries  activity;  salivary 
mucin  content;  physical  properties,  751 

- :  saliva;  physical  properties;  mucin 

content,  596 

Parotid  gland:  absence;  caries,  5.58  (See 
also  caries;  desalivation) 

PAULSEN,  A.  G,:  periodontal  pocket  pH; 

tissue  glycogen  content,  444 
PAYNTER,  K.  .1.:  propylthiouracil;  rat 
molar  development,  364 

- :  tooth  morphology;  nutrition,  680* 

PELCZAR,  M.  N,,  JR.:  dentin  chondroitin 
sulfate;  bacterial  effects,  667* 

Penicillin:  oral  bacteria;  proportions,  689* 

- :  tooth  permeability,  734* 

Periodontal  disease:  prevalence  and  inci¬ 
dence,  673*  (See  also  gingivitis) 
Periodontal  membrane;  inflammation  from 
gingiva;  influence  of  injuiy,  263 
Periodontal  pocket:  pH,  444 

- :  tooth  scaling,  682* 

Periodontal  tissue:  glycogen  content,  444 

- :  mitotic  activity,  459,  692* 

- :  ovariectom}-,  702* 

Periodontosis:  ovarian  function,  719* 
Permeability:  tooth,  714* 

PERREAULT,  J.  G,:  dentin  sterilizing 
agents;  dentin  growth,  712* 

PERSON,  P.:  cytochrome  oxidase;  suc- 
cinoxidase;  oral  tissues,  680* 
Personality:  caries,  357,  672* 
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PEYTON,  F.  A.:  cavity  wall  appearance; 
instrumentation,  699* 

- :  dental  burs;  cutting  efficiency;  de¬ 
sign,  281 

- :  dental  hand  piece  design,  696* 

- :  hygroscopic  expansion;  dental  cast¬ 
ing  investment,  519 
pH :  caries-immune  plaque,  656* 

- :  fecal,  710* 

- :  micro-antimony  electrode,  849,  854 

- :  oral,  710* 

- :  periodontal  pocket,  444 

- :  saliva,  710* 

- :  tooth  surface;  glucose  rinse,  709* 

PHILLIPS,  L.  J.:  dental  cements;  electrical 
conductivity,  400,  699* 

- :  thermal  conductivitv;  dental  cement, 

511 

PHILLIPS,  R.  W. :  amalgam  condensation; 

residual  mercury  content,  12 
- :  dental  cements;  electrical  conduc¬ 
tivity,  400,  699* 

- :  thermal  conductivitv;  dental  cement, 

511 

Phosphatase:  developing  teeth,  128,  646* 

- :  saliva;  calculus;  lactobacillus  counts, 

335 

Phosphate  ion:  diffusion  rate;  sugar  effect, 
212 

Phosphorous:  enamel;  chewing,  677,*  801 
Photoelectric  myodjTiagraph,  425 
Photogrammetric  method:  facial  swelling 
measurement,  295 

PIGMAN,  \V. :  dentinal  attack;  artificial 
mouths,  681* 

- :  hamster  caries;  infant  diet,  27 

PINCUS,  P.:  tooth  permeability,  714* 
PINDBORG,  J.  J. :  x-radiation;  salivary 
glands,  715* 

Plaque:  acid  production;  anti-enzymes,  703* 

- :  amino  acids,  649* 

- :  pH,  656* 

PLOTKIN,  J.:  Kalahari  bushmen;  oral  con¬ 
ditions,  654* 

Polarographic  analysis:  saliva,  689* 
PORTER,  K.  O. :  caries  prevalence;  Idaho 
children,  542 

Post-mortem  changes:  color;  teeth,  735* 
Potassium:  saliva,  716* 

POWELL,  C.  8.:  dental  neurophysiological 
phenomena;  localization,  681* 

POWELL,  R. :  ilentinal  attack;  artificial 
mouth,  681* 

PRAKA8H,  P. :  photoelectric  inyodyna- 
graph,  425 

Pregnancy:  gingiva;  electrometric  studies, 
658* 

PRICE,  B.:  eruption;  carious  attack;  per¬ 
manent  teeth,  65 
Procaine,  653* 

PROPHET,  A.  8.:  dentin;  caries,  733* 
Propylthiouracil:  rat  molar  development,  364 
PRUZANSKY,  8.:  cephalometric  roentgen¬ 
ography;  infants,  681* 

Pujp:  cavity  preparation,  663* 

- :  dentin  formation,  738* 

- :  injuries,  674* 


- :  innervation,  734* 

- :  nitrogen  content,  632 

- :  oxidative  enzymes,  656* 

- :  paraformaldehyde,  663* 

- :  x-ray  irradiation  effects,  389 

Pulpitis:  systemic  antibiotic  therapy,  737* 
Pulpotomy:  histologic  evaluation,  647* 

Quigley,  L.  F.,  JR.:  periodontal  dis¬ 
ease;  prevalence  and  incidence,  673* 

DADIATION:  ionizing;  effect  on  rat  in- 
cisors,  377 

RADIKE,  A.  W.:  caries;  dentifrice;  brush¬ 
ing;  participation  effects,  690* 

- :  diagnostic  reversals;  clinical  caries 

tests,  682* 

- :  stannous  fluoride  dentifrice;  caries, 

606 

Radioactive  calcium:  deposition;  fluorine  ef¬ 
fect,  670,*  711* 

- :  fillings;  penetration,  694* 

Radioactive  fluorides:  661,*  789* 

Radioactive  iodine:  distribotion ;  post-mor¬ 
tem  changes,  651* 

- :  uptake,  ivory,  702* 

Radioactive  nicotinamide:  enamel  penetra¬ 
tion,  767 

Radioactive  substances:  enamel  penetration, 
767 

Radioautographic  visualization :  dentinogene¬ 
sis,  859 

Radiographic  technique:  bone  analysis,  656* 
Radiography:  hazards,  698* 

Radiology:  cephalometric;  infants,  681* 
RAMFJORD,  8.:  airbrasive  powder  inhala- 
halation,  666* 

RAMI’JORD,  8.:  airbrasive  powder  inhala¬ 
tion,  666* 

- :  gingival  sulcus;  periodontal  pocket; 

tooth  scaling,  682* 

RAPP,  G.  W. :  screening  test ;  mucin  ad¬ 
sorbing  enzyme  inhibitors,  683* 

RAY,  J.  C.:  hypophysectomy ;  effect  on  rat 
incisor,  91 

Reattachment:  periodontal  fibers;  replanted 
incisors,  703* 

REEVE,  W.  L. :  mandibular  condyle  osteo¬ 
clast  count;  mandible;  guinea  pig,  683* 
REID,  D.  B.  W. :  caries  distribution;  chil¬ 
dren,  613 

REINKING,  R.  H.:  thermal  conductivity; 
dental  cement,  511 

Replant:  periodontal  fiber  reattachment, 
703* 

Replantation:  teeth;  hamsters,  675* 

Reptile:  teeth,  733* 

Resins:  695* 

- :  acrylic;  self -curing;  dentures,  696* 

- :  cements,  696* 

- :  fillings,  698* 

- :  - ;  thermal  expansion;  water  sorp¬ 
tion,  697* 

- :  strain  measurements,  695* 

Resorption:  alveolar  bone,  704* 

Respiration:  salivary  flora,  469 
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Restorations:  fluid  penetration,  694*  1 

Reversals:  diagnosis;  dental  caries  tests,  I 

682*  I 

Ribonucleic  acid:  gingiva,  707*  i 

RICHARDS,  J.:  ultrasonics;  cavity  prepara¬ 
tions,  698*  I 

RICHARDSON,  A.  \V.:  fluorides;  blood  vas-  | 
cular  system  effects,  648*  i 

RIEDESEL,  M.  L.:  pulp;  nitrogen  content,  i 
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ROBINSON,  H.  B.  G.:  caries;  dentifrice; 
brushing;  participation  effect,  690* 

- :  Editor’s  Viewpoint,  1,  145,  293,  441, 

579,  739 

- :  I.A.D.R. ;  Proceedings;  Thirty-Second 
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- :  index,  873 
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sion;  water  sorption,  697* 

ROSE,  H.  M.:  herpetic  infections;  trigem¬ 
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ROSENBERG,  N.:  dental  caries;  personality 
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ROTH,  G,:  collagenase;  oral  tissue  effects, 
683* 

ROTHBLATT,  J.  M.:  histologic  respcmse; 
tooth  movement;  rat,  481 

Saliva :  acUl  production,  561,  672 

- :  acidity;  alkalinity;  55,  710,*  751* 

- :  amylase,  654* 

- :  caries,  55,  751 

- :  collection;  separation,  683* 

- :  enzymes,  321 

- :  flow,  716* 

- :  fructofuranosidase,  729* 

- :  hexokinase,  664* 

- :  microbial  flora;  respiration,  469 

- :  mucin,  596,  751 

- :  pH,  55,  710*,  751 

- :  phosphatase;  calculus;  lactobacillus 

counts,  335 

- :  physical  properties,  596,  751 

- :  polarographic  analysis,  689* 

- :  proteolytic  enzymes,  652* 

- :  reducing  properties;  indicators,  677* 

- :  sediment;  acid  production,  561 

- :  sodium;  potassium,  716* 
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- :  hypophysectomy  effects,  685* 

- :  irradiation  effe<‘ts,  656,*  706,*  715* 
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- :  oxidative  enzymes,  656* 

- :  proteolytic  enzyme,  685* 
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- :  - ;  rat  molar  method,  674* 
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tin  growth,  712* 

Silicones:  calculus,  670* 

Silver  nitrate:  caries,  735* 
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ence,  316 
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- :  - ;  - ;  dissectionj  201  ' 

- :  - ;  transplanted;  dil)enzanthracene 
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ORAL  PATHOLOGY 

A  Histological,  Roentgenological,  and  Clinical  Study  of  the 
Diseases  of  the  Teeth,  Jaws,  and  Mouth 

By  KUBT  H.  THOMA,  D.M.D.,  F.D.S.B.C.S.,Eng.,  Hon.  F.D.S.B.C.S.Edin. 

Professor  of  Oral  Surgery,  Emeritus,  and  Brackett  Professor  of  Oral  Pathology,  Emeritus, 
Harvard  University ;  Honorary  Professor  of  the  Odontologlc  Faculty,  San  Carlos  University, 
Guatemala;  Visiting  Lecturer  in  Oral  Surgery,  Graduate  School  of  Medicine,  University  of 
Pennsylvania ;  Member  of  Board  of  Consultation,  Formerly  Oral  Surgeon  and  Chief  of  Dental 
Service,  Massachusetts  General  Hospital ;  Oral  Surgeon  to  Brooks  Hospital ;  Consulting  Oral 
Surgeon,  New  England  Baptist  Hospital.  Beth  Israel  Hospital,  Tumor  Department  of  Boston 
Dispensary,  New  England  Center  Hospital,  Faulkner  Hospital ;  Consultant  in  Oral  Surgery, 
U.  S.  Public  Health  Service  Hospital,  Boston ;  Consultant  in  Oral  Surgery,  Veterans  Ad¬ 
ministration  Hospitals,  Providence,  R.  I.,  and  West  Roxbury,  Mass. ;  Consultant  in  Oral 
Surgery  to  the  Surgeon  General,  Washington,  D.  C. ;  and  Consultant  in  Oral  Pathology, 
Armed  Forces  Institute  of  Pathology,  Washington,  D.  C. 

Fourth  Edition — 1536  pages,  with  1594  illustrations  in  the 
text,  •  including  92  in  colors.  Price,  cloth  binding,  $22.50. 

•  Another  edition  of  Oral  Pathology  is  herewith  presented  to  the  profession.  Several  im¬ 
portant  changes  have  been  made  in  order  to  adjust  this  book  to  the  present  requirements 
as  a  text  for  students  of  oral  pathologj’.  These  changes,  however,  will  in  no  way  detract 
from  its  value  as  an  aid  in  diagnosis  of  both  common  and  rare  diseases  seen  by  the  clinician. 

•  The  chapter  on  dental  caries  has  received  particular  attention.  It  has  been  completely 
reorganized  and  brought  up  to  date.  This  task  has  not  been  an  easy  one  because  of  the 
voluminous  and  in  part  controversial  literature  that  has  been  published  during  the  past 
decade.  The  extensive  research  work  that  has  been  carried  on  to  find  the  exciting  causes 
and  predisposing  factors  and  the  variety  of  studies  made  to  determine  the  progress  of  the 
disease  and  methods  of  its  prevention  have  made  it  necessary  to  review  a  large  number 
of  articles  in  both  the  American  and  foreign  dental  journals.  An  attempt  has  been  made 
to  present  the  most  important  views  on  the  subject  and  to  include  and  coordinate  the 
findings  of  the  large  group  of  investigators  who  have  been  active  in  this  field  of  oral  pa¬ 
thology. 

•  The  chapters  on  experimental  pathology  have  been  eliminated  in  order  to  make  room  for 
additional  material  in  other  parts  of  the  text.  However,  some  of  the  pertinent  findings  dis¬ 
covered  by  animal  experimentation  have  been  retained  by  transferring  them  to  the  chapters 
dealing  with  the  respective  human  diseases. 
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A  MODERN  DENTAL  REFERENCE  LIBRARY 


PERIODONTIA — A  Study  of  the  Histology, 
Physiology,  and  Pathology  of  the  Periodontium, 
and  the  Treatment  of  Its  Diseases.  By  HENBY 
M.  GOLDMAN,  D.M.D.,  THIRD  EDITION. 
790  pages,  525  illustrations,  12  in  color.  PRICE, 
$16.00. 

biochemistry  of  the  teeth  —  By 

HENRY  M.  LEICESTER,  Ph.D.,  306  pages, 
illustrated.  PRICE,  $5.50. 

OUTLINE  OF  mSTOLOOT— By  MARGARET 
M.  HOSKINS,  Ph.D.,  and  GERRITT  BEV¬ 
EL  ANDER,  Ph.D.,  SECOND  EDITION.  112 
pages,  illustrated.  Size:  9x1 1-in.  PRICE,  $3.50. 

DENTAL  CARIES — Mechanism  and  Present 
Control  Technics  as  Evaluated  at  the  Univer¬ 
sity  of  Michigan  Workshop.  Edited  by 
KENNETH  A.  EASLICK,  A.M.,  D.D.S.,  234 
pages,  illustrated.  PRICE,  $5.50. 

RESTORATIVE  DENTISTRY— By  JEROME 
M.  SCHWEITZER,  B.S.,  D.D.S.,  511  pages,  1014 
illustrations.  PRICE,  $16.00. 

ORAL  REHABILITATION— By  JEROME  M. 
SCHWEITZER,  D.D.S.  1161  pages,  1157  illus¬ 
trations.  PRICE,  $21.00. 

BONE  AND  BONES — Fundamentals  of  Bone 
Biology.  By  JOSEPH  P.  WEINMANN,  M.D., 
and  HARRY  SICHER,  M.D.,  464  pages,  289 
illustrations.  PRICE,  $10.00. 

DENTAL  PROSTHETIC  LABORATORY 
BtANUAL— By  CARL  O.  BOUCHER,  D.D.S., 
410  pages.  PRICE,  $4.75. 

COMPLETE  DENTURES— By  MERRILL  G. 
SWENSON,  D.D.S.,.  F.I.C.D.,  F.A.C.P.,  735 
pages,  882  illustrations,  10  in  color.  3rd  Edi¬ 
tion.  PRICE,  $13.50. 

ORAL  SURGERY- By  KURT  H.  THOMA, 
D.M.D.,  SECOND  EDITION  IN  TWO  VOL¬ 
UMES,  1688  pages,  1789  illustrations,  121  in 
color.  PRICE,  $30.00. 

ORAL  PATHOLOGY- Bv  KURT  H.  THOMA, 
D.M.D.,  THIRD  EDITION.  1559  pages,  1660 
illustrations,  78  in  color.  PRICE,  $17.50. 

ANESTHESIA  IN  DENTAL  SURGERY- By 
STERLING  V.  MEAD.  D.D.S.,  SECOND 
EDITION.  638  pages,  223  illustrations. 
PRICE.  $12.50. 

BASIC  PRINCIPLES  AND  TECHNICS  FOR 
COMPLETE  DENTURE  CONSTRUCTION— 
By  VICTOR  H.  SEARS,  D.D.S.  416  pages, 
illustrated.  PRICE,  $5.50. 

PHARMACOLOGY  AND  DENTAL  THERA¬ 
PEUTICS— Bv  EDWARD  C.  DOBBS  AND 
HERMANN  PRINZ.  TENTH  EDITION.  599 
pages,  35  illustrations.  PRICE,  $9.00. 


Theory  and  Practice  of  CROWN  AND  BRIDGE 
PROSTHESIS— By  STANLEY  D.  TYLMAN, 
A.B.,  D.D.S.  M.S.,  F.A.C.D.,  THIRD  EDI¬ 
TION.  1017  pages,  1364  illustrations,  9  in 
color.  PRICE,  $16.00. 

PRACTICAL  ORTHODONTICS— (Original 
Text  by  the  Late  Martin  Dewey)  By  GEORGE 
M.  ANDERSON,  D.D.S.,  SEVENTH  EDITION 
556  pages,  640  illustrations.  PRICE,  $10.50. 

ORAL  PHYSIOLOGY— By  JOHN  T. 
O’ROURKE,  B.S.,  D.D.S.,  Sc.D.,  and  edited  by 
LEROY  M.  S.  MINER,  M.D.,  D.M.D.,  Sc.D., 
Dr.P.H.  333  pages.  PRICE,  $5.50. 

ORAL  HISTOLOGY  AND  EMBRYOLOGY— 
Edited  by  BALINT  ORBAN,  M.D.,  D.D.S., 
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He  is  old  enough  now  to  know  that  the  ornament 
on  the  tree  is  more  than  a  star  . . .  to  under¬ 
stand  the  deeper  meaning  of  Christmastime. 

Now  he  knows  that  it  is  love  that  has  been 
shining  on  the  tree  year  after  year,  the  love 
that  has  ivrapped  and  held  him  . . .  that  has 
given  him  food  and  warmth  and  laughter 
and  the  promise  of  joy  to  come. 

Life’s  great  reward  is  the  privilege  of  giving 
security  to  those  we  love. 

And,  think ;  When  you  make  your  home  secure 
you  are  also  helping  make  America  secure. 

For  the  strength  of  America  grows  as  the 
number  of  its  secure  homes  increases. 


Saving  for  sacurity  it  toty — on  the  Payroll  Sav* 
ings  Plan  for  investing  in  United  States  Sav¬ 
ings  Bonds. 

This  is  all  you  do.  Go  to  your  company’s  pay 
office,  choose  the  amount  you  want  to  save — 
a  few  dollars  a  payday,  or  as  much  as  you  wish. 
That  money  will  be  set  aside  for  you  before 
you  even  draw  your  pay.  And  automatically 
invested  in  United  States  Series  “E”  Savings 
Bonds  which  are  turne’d  over  to  you. 

If  you  can  save  only  $3.7.5  a  week  on  the  Plan, 
in  9  years  and  8  months  you  will  have  $2,137.30. 

U.S.  Series  “E”  Savings  Bonds  earn  interest 
at  an  average  of  3%  per  year,  compounded 
semiannually,  when  held  to  maturity!  They 
can  go  on  earning  interest  for  as  long  as  19 
years  and  8  months  if  you  wish. 

If  you  leant  interest  as  current  income  ask  your 
bank  about  3^/r  Series  “H”  Bonds  which  pay  interest 
semiannually  by  Treasury  check. 


The  V.S.  Government  doe$  not  pap 
lor  this  advertisement.  It  is  donated 
by  this  publication  in  cooperation 
viM  the  Advertising  Council  and 
the  Magtuine  Fublishers  of  America^ 
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Here  s  a  completely  new  concept  of 
modem  esthetic  denture  construction  which 
may  well  be  the  most  revolutionary 
factor  in  improving  your  denture  practice 
since  the  advent  of  acrylic  base  materials. 


naturally  anfriircd 


Now,  for  the  first  time,  it  is 
possible  to  quickly  and  easily  construct 
an  artificial  denture  which  is  truly 
representative  of  the  anatomy  and  tissue 
color  of  the  natural  dentition. 


^  ...naturally  ( 


Trubyte  Denture  Veneers  offer  a  new,  simpli^ 
and  sure  method  of  satisfying  the  ever  \t 
increasing  cosmetic  and  esthetic  demands  of| 
your  patients  — and  combined  with  || 

your  selection  of  beautiful  forms  and  shades  I 
of  Trubyte  Bioform  Teeth  result  in  || 

an  amazingly  lifelike  restoration  which  ||| 
literally  defies  detection. 


Here’s  a  new  and  distinctive  service,  i 
for  not  just  a  few,  but  for  all  your  denture  | 
patients.  Ask  your  Trubyte  Dealer  or  -  | 
your  Dental  Laboratory  for  an  immediate  ^ 
demonstration  of  the  new  Trubyte  ^ 

Bioform  Veneer  Denture.  Make  your  * 
own  comparison  with  any  other  conventio: 
denture,  and  you  will  be  convinced  \ 

of  the  vast  new  potential  this  offers  in 
your  denture  practice. 


TRIBYTE  BIOFORM'  TEETH 

THE  FIRST  VACUUM  FIRED  PORCELAINTEETH 
. . .  Reprodtux  the  Lifelike  and  Beautiful  Qualities  of  Healthy  Natural  Teeth 

and  >.7 

TR I  B }  TE  DE.  \  Tl  ‘RE  I  '£.  N  EER '' 

. . .  Reproduce  the  Natural  Color  of  the  Living  Tissue 

and  the  Anatomy  of  Natural  Gum  Contours 

The  Dentists^  Supply  Company  Of  N,  Y. 

YORK,  PENNSYLVANIA 
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